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PREFACE

On January 20, 1970, the National Petroleum Council, an offi-
cially established industry advisory board to the Secretary of the
Interior, was asked to undertake a comprehensive study of the
Nation's energy outlook. This request came from the Assistant
Secretary-Mineral Resources, Department of the Interior, who asked
the Council to project the energy outlook in the Western Hemisphere
into the future as near to the end of the century as feasible, with
particular reference to the evaluation of future trends and their
implications for the United States.

In response to this request, the National Petroleum Council's
Committee on U.S. Energy Outlook was established, with a coordinat-
ing subcommittee, four supporting subcommittees for oil, gas, other
energy forms and government policy, and 14 task groups. An organi-
zation chart appears as Appendix B. In July 1971, the Council
issued an interim report entitled U.S. Energy Outlook: An Initial
Appraisal 1971-1985 which, along with associated task group reports,
provided the groundwork for subsequent investigation of the U.S.
energy situation.

Continuing investigation by the Committee and component sub-
committees and task groups resulted in the publication in December
1972 of the NPC's summary report, U.S. Energy Outlook, as well as
an expanded full report of the Committee. Individual task group
reports have been prepared to include methodology, data, illustra-
tions and computer program descriptions for the particular area
studied by the task group. This report is one of ten such detailed
studies. Unlike the other task group reports, however, this report
has incorporated some of the task group's detailed findings re-
sulting from the Initial Appraisal which were not ready for publi-
cation following the release of the NPC's interim report. Other
fuel task group reports are available as listed on the order form
included at the back of this volume.

The findings and recommendations of this report represent the
best judgment of the experts from the energy industries. However,
it should be noted that the political, economic, social and tech-
nological factors bearing upon the long-term U.S. energy outlook
are subject to substantial change with the passage of time. Thus
future developments will undoubtedly provide additional insights
and amend the conclusions to some degree.
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INTRODUCTION

Of all the Nation's energK fuel sources, coal is apparently
the most abundant. Thus, in the face of a widening U.S. energy

gap, our domestic coal resources represent an asset of significant
potential value. Throughout the U.S. Energy Outlook study, a major
question has been the extent to which the United States can capital-
ize on this asset, both by expanding coal production and by develop-
ing additional uses for coal which are evironmentally acceptable
and economically sound.

With the further development and application of technologies
(1) for solving the environmental problems inherent in the mining
and combustion of coal and (2) for transforming solid coal into
synthetic gaseous and liquid fuels, U.S. coal resources can make a
major contribution to the Nation's energy needs in the 1970-1985
period. The ultimate size of this contribution will depend pri-
marily on the outcome of government policy issues. However, even
under the most favorable circumstances, it is unlikely that coal
alone could completely eliminate the Nation's dependence on im-
ported fuels prior to 1985.



Chapter One
SUMMARY AND CONCLUSIONS

COAL DEMAND

Domestic demand for coal is expected to grow at a rate of 3.5
percent during the 1970-1985 period--from 519 million tons in 1970
to 734 million tons in 1980 and potentially to 863 million tons
per year in 1985.* Demand for coal exports will grow at a more
rapid rate--4.5-percent per year during the same period. Total
exports which include principally coking coal used in steelmaking
and some smaller amounts of electric utility coal amounted to 71
million tons in 1970. By 1985 it is anticipated that total exports
will amount to some 138 million tons.

Currently, some 83 percent of total demand for U.S. coal (do-
mestic demand plus demand for exports) originates from only two
consuming sectors--coke production and electric power generation.
gy 1935, these sectors will represent nearly 92 percent of total
emand.

Due to technological advances, the growth in the domestic
demand for coking coal will lag behind the growth in steelmaking.
Accordingly, domestic demand for coking coal will grow at a rate
of only 2 percent per year. However, a vigorous growth rate (7
percent per annum) is anticipated for U.S. coking coal exports,
which implies a potential export demand of over 150 million tons
per year in 1985. Although this 1985 figure has been arbitrarily
reduced to 120 million tons to reflect growing foreign competition,
it still implies a 5.2 percent growth rate.

By far, the largest consumer of U.S. coal is the electric
utility sector, which in 1970 alone accounted for nearly 60 per-
cent of total demand. By 1985, this sector is projected to consume
some 672 million tons of U.S. coal per year. Of these 672 million
tons, 654 million tons (97 percent) will be allocated to domestic
use, and the remaining 18 million tons will be exported for use by
foreign utilities.

* This does not include added demand for coal shown in the
NPC's U.S. Energy Outlook: An Initial Appraisal 1971-1985 Volume
One (July 1971), to reconcile total U.S. energy demand projections
with available supply. The addition of this demand (30 million
tons in 1975, 65 million tons in 1980 and 70 million tons in 1985)
would increase the total domestic demand for coal to 933 million
tons in 1985, for a growth rate of 4 percent per year from 1970
to 1985.



COAL RESOURCES

Approximately 150 billion tons of recoverable coal--105 bil-
lion located underground and 45 billion located near the surface--
have been firml)é defined in formations of comparable thickness and
depth to those being mined under current technological conditions.
Even at the maximum production growth rate considered feasible (5
percent per year for the conventional domestic market and 6.7 per-
cent when production for export and for synthetic fuels is included),
production to 1985 will use only about 10 percent of the 150 blIll'on
tons of the type of resources currently being mined.

These 150 billion tons represent less than 5 percent of the
3.21 trillion tons of total coal resources which are estimated by
the U.S. Geological Survey (USGS) to exist in the United States.
Further mapping and exploration of the Nation's coal resources
should result in substantial additions to those reserves which can
be mined with present-day technology. This is expecially so in the
western states where large areas of coal bearing formations have
been only partially explored. In addition to identifying new re-
serves by better resource definition, improved mining technology
might yield a large increase of coal reserves by increasing effec-
tive recovery rates from present reserves and by making deeper and
thinner seams economically recoverable. Unfortunately, current
efforts toward development of new technology are minimal.

In this report, future supply of coal is examined in two dis-
tinct areas of use: (1) coal used in present conventional markets
and (2) coal used in gasificaiton and liquefaction. Major markets
in the conventional category are electric power generation and
steelmaking. Future supply prospects for these current uses are
evaluated under the assumption that technological changes in the
utility and steel industries will not greatly alter the coal use
patterns of these industries. For all of the coal growth rates
examined in this report, it is assumed that these conventional
markets are supplied by the same t%pe of recoverable reserves from
which they have been supplied in the past.

In the case of coal-based synthetic gas and liquid production,
the simplifying assumption is made that all coal supply for synthet-
ics would come from western surface-mined reserves during the period
to 1985. Exceptions to this assumption might occur, but they would
not materially affect the conclusions drawn in this report.

COAL MINING

Although historically underground mining has accounted for the
largest share of U.S. coal production, the contribution from surface
mining also has been substantial and has been increasing in recent
years. In 1970, about 44 percent of total bituminous coal and lig-
nite production came from surface mines compared to some 31 percent



as late as 1960.* Surface mining is attractive because it requires
less investment and operating cost (less manpower) and because it
is not subject to the health and safety problems associated with
deep mining. However, it is subject to increasingly stringent en-
vironmental requirements. In spite of the importance of surface
mining, the future ability of the coal industry to supply its over-
all share of U.S. energy demand will depend on its continued ability
to produce coal from deep mines in an efficient and economic manner.

Currently, three systems of underground mining are in use:
conventional mining, continuous mining and longwall mining. Con-
ventional and continuous mining are similar in that they both in-
volve a room and pillar approach. However, they differ in terms
of machinery used and in operating sequence. Generally, continuous
mining machines permit more effective use of manpower. Longwall
mining, long prevalent in Europe, has recently entered the United
States where it is expected to become increasingly important be-
cause it concentrates production in a smaller area of the mine,
offering better productivity and simplified ventilation.

Conventional mining, as a percentage of U.S. underground pro-
duction, has declined in recent years--from 55 percent in 1965 to
40 percent in 1970. On the other hand, continuous mining has been
subject to considerable growth, and since 1966 its output has ex-
ceeded conventionally mined tonnages. Today, continuous mining
accounts for nearly 60 percent of total underground production,
and this contribution is expected to increase. Although current
production from longwall mining is very small (some 2 percent), it
too is expected to make a larger contribution in the future.

Productivity of underground mining grew steadily until the end
of the 1960's (a 2.7-percent rate during the 1965-1969 period).
However, the enactment of the Coal Mine Health and Safety Act of
1969 has had a profound impact on productivity. Although conclu-
sive statistics are not yet available, some individual mines have
reported 15- to 30-percent reductions.

Surface mining can be divided into two broad classes: area
mining and contour mining. Area mining permits operation with a
nearly indefinite number of successive pits as typically found in
coal fields of the Midwest and West. Contour mining is employed
whgjref_colrgparatively steep surfaces are found, as in the Appalachian
co ields.

Feasibility of surface mining (stripping) is highly dependent
on the stripping ratio, usually expressed in cubic yards of over-
burden to be removed to recover 1 ton of coal. The limiting ratio

* When this study was initiated, only 1969 information was
available. Information for 1970 became available during the course
of the study and is shown here. More recent information, now
available, indicates that in 1972 surface-mined coal accounted for
more than 50 percent of total production.



depends on the value of the coal as well as other items. Hence,
actual ratios up to 30 to 1 have been mined. Higher stripping
ratios are typically found in the eastern and midwestern coal re-
gions, whereas the lower ratios are found in the West. The current
average stipping ratio in the western states is 6:1, although con-
siderable reserves exist in that region at ratios under 1.5:1.0.

Surface mining has the advantage of high productivity of man-
power which represents one of the main incentives for utilization
of this type of mining. For example, in 1969 productivity of
stripping operations was nearly 36 tons per man day. This figure
compared to a 1969 overall industry average (including underground
and surface mines) of some 20 tons per man day. On the negative
side, however, one must again consider the increasing opposition
to stripping operations, particularly to contour mining.

FUTURE COAL SUPPLY OUTLOOK

The future supply of coal for the traditional markets was ana-
lyzed for three assumed cases in six underground and three surface
mining regions, using a hypothetical underground and surface mine.
For each region and for the U.S. average, the investment and oper-
ating costs of coal mining were defined, and average required
"prices" were calculated using Discounted Cash Flow (DCF) rates of
return of 10, 15 and 20 percent. The potential impact of future
changes in individual cost components were considered, including,
among others,productivity of manpower, investment for new mines
and reclamation. The results have been presented in constant 1970
dollars in a series of graphs which lead to the following conclu-
sions concerning future conventional uses of coal:*

« The cost of coal will continue to vary by regions over an
exceedingly wide range (as it has in the past) as a result
of the great variances in regional mining conditions.

e The cost of underground coal will increase more slowIK
after the large increases in recent years, based on the
assumption that productivity will return to its histori-
cal upward trend.

« The cost of eastern U.S. surface-mined coal will rise b
about 30 percent by 1985 due primarily to increased recla-
mation costs and higher overburden ratios.

* Wherever used in this report, the term "constant 1970 dol-
lars" refers to the purchasing power of the U.S. dollar in the year
1970. This term is used to provide a measure of comparability (or
common denominator) to projections of Gross National Product, costs,
revenues, capital requirements and other financial data which might
otherwise be distorted by varying estimates of the unpredictable
factor of inflation or deflation in future years.



A maximum possible sustained growth for coal production
through 1985 was defined because of the important role intended
for coal in future domestic energy development. The uncertainties
associated with coal's future make such a growth rate difficult to
project with confidence. A 5-percent sustained rate of growth
using presently worked reserves as the base is considered feasible,
based on past industry experience. This growth rate was chosen to
represent the maximum growth condition, Case 1.*

Case | provides for production of 1,093 million tons of coal
per year to supply the conventional domestic markets by 1985. This
compares to the demand figure from the Initial Appraisal of 863
million tons (3.5-percent per annum growth rate), which is used
here to represent Cases Il and Ill. For Case IV, a minimum growth
to 819 million tons by 1985 was used, reflecting a 3-percent per
annum growth rate.

In addition to supplying coal for the conventional domestic
market, the domestic industry produces coal for export and may in
future years produce coal for conversion to synthetic liquids and
gas. Projected coal egPorts are unchanged from the demand analysis
conducted in the Initi Appraisal--in 1985, exports amount to 138
million tons. The projections of 1985 coal requirements for syn-
thetics vary widely for the several cases--between 339 million tons
for Case | and 47 million tons for Case IV. While coal for synthet-
ics is assumed to come from western surface mines, it is recognized
that small volumes of synthetics may be produced in other areas.

Combining the coal requirements for these several categories
y(ijelds the overall required tonnages shown in Table 1 for the peri-
od to 1985.

A number of determining factors will affect the future supply
and consumption of coal, and these must receive proper attention
iIf the projections are to materialize.

e Developments in improved mining technology must be sub-
stantially accelerated to offset the severe impact of the
Coal Mine Health and Safety Act of 1969 on production

capacity.

« A program for rapid development of manpower, both mine
workers and mining engineers, must be vigorously pursued.

« To guarantee the transport of increasing tonnages, the
pool of railroad hopper cars as well as the efficiency of
car utilization must be increased, and certain locks must

* It is noteworthy that the NPC u.S. Energy Outlook includes
several energy balances and that, in all but one case, there remains
an excess Of coal and nuclear energy supply available above demand.
The 5-percent maximum growth rate thus appears ample.



TABLE 1

TOTAL FUTURE COAL SUPPLY-CONVENTIONAL MARKET,

EXPORTS AND SYNTHETIC FUELS

- Annual
Millions of Tons Growth Rate
1970* 1975 1980 1985 (Percent)
Case |
Conventional Markets 519 662 852 1,093 5.0
Export 71 R 111 138 45
Synthetic Fuels
Gas 0 0 48 232
Liquids 0 0 12 107
Total 590 754 1,023 1,570 6.7
Cases /111
Conventional Markets 519 621 734 863 35
Export 71 92 1m 138 45
Synthetic Fuels
Gas 0 0 31 121
Liquids 0 0 12
Total 590 713 876 1,134 45
Case IV
Conventional Markets 519 603 704 819 3.0
Export 71 R 111 138 45
Synthetic Fuels
Gas 0 0 15 47
Liquids 0 0 0 0
Total 590 695 830 1,004 3.6

* The 1970 data were based on preliminary Bureau of Mines estimates. Actual consumption in 1970 was about 1 percent higher:

Million
Tons
Present Markets 525
Export 72
Changes in Stocks and Losses 16
Total Production 613

be improved in the river system to prevent maor bottle-
necks. To keep U.S. export coals competitive, better
ways must be found to accommodate the new larger sized
coal carrying ships at our ports, notably Hampton Roads,
Virginia.

Technology must be developed to permit use of high-sulfur
coal in power generation without polluting the air. Alter-
nate processes should be pursued to fit the widely varying
needs of existing plants, new and old, large and small.
Desulfurizing by liquefaction and by gasification, as well
as by stack gas cleanup, may all be required during the
next 15 years. The present substantial research programs
in these areas should be further expanded.



POTENTIAL FUTURE COAL UTILIZATION

Utilization of coal as a boiler fuel in conventional markets
will depend on future air quality standards. At present, low-sulfur
oil, most of it imported, is being used to displace coal in a wide
and increasing segment of this market because viable pollution con-
trol technology is not yet available for coal-fired boilers. Forty-
three percent of estimated coal resources east of the Mississippi
River have a high sulfur content (over 3 percent), and 80 percent of
these reserves exceed |-percent sulfur content. In Case |, where
domestic energy sources are to be maximized, it is assumed that
technology will be available to permit the use of all sulfur levels
of coal. Cases Il through IV are premised on somewhat less success
in solving the problems which are retarding coal's usage. Future
use of the higher sulfur-content coal is likely to require (1)
stack gas cleanup, (2) conversion to clean gas (high- or low-BTU),
and/or (3) conversion to low-sulfur liquids. Research and develop-
ment efforts in the first two of these three areas now appear ade-
quate to solve the respective problems, but work on liquefaction
is not being vigorously pursued.

Commercially proved technology to produce synthetic pipeline
gas from coal is nearly available and at costs ($0.85 to $1.15 per
million BTU's) comparable to other supplements to domestic natural
gas. Improved technology, now under rapid development, may lower
costs 10 to 15 percent, and such improved systems may be available
by the end of the projection period.

Utilization of coal for synthetic pipeline gas is projected
in 1985 to supply 2.48 trillion cubic feet (TCF) per year under
Case |, 1.31 TCF per year under Cases Il and Ill, and 0.54 TCF per
year under Case |IV. The coal utilized to meet gasification demand
for Case | would reach a maximum of 232 million tons per year by
1985.

Conversely, technology for economically producing coal-based
liquids is not available today. The Case | output of coal-based
liquids is projected to be 680,000 barrels per day (680 MB/D)--
107 million tons of coal per year--in 1985. To approach such a
level of production, an immediate decision would be required to
proceed with the design and construction of a first commercial dem-
onstration liquefaction plant. Case | assumes a 30 MB/D capacity
plant which could start operation by 1977. This plant would be a
high-risk venture because technology is now only partially developed.
Under current economic conditions, the incentives to develop and
build such a plant do not exist. Cases Il and Ill therefore pro-
ject only a modest supply of coal-based liquids in 1985, while
Case IV does not envision any liquefaction before 1985.

Initially, the cost of synthetic liquids (distillates) would
fall probably between $6 and $7 per barrel, based on western strip-
mined coal. Following development, costs of $4.50 to $5.50 per
barrel appear within reach for conversion of high-sulfur coal to
low-sulfur heavy fuel oil (0.3- to 0.5-percent sulfur).



The reserve base available for synthetics production appears
to be ample. Specific western surface minable coal reserves are
known to be available to supply the coal needs envisioned for Case
| gasification and liquefaction plants as well as to supply coal
for the growing demand for power generation.

An important conclusion regarding synthetic gases and liquids
from coal for the period to 1985 is that they cannot be developed
fast enough to replace the Nation's expanding imports of petroleum.
However, the annual growth of capacity for production of coal syn-
thetics in the period to 1985 could have a significant bearing on
the U.S. energy balance in the post-1985 period.

SUMMATION

The Nation's domestic coal resources are abundant. Further
mapping and exploration and advances in mining technology might
yield great increases in the amount of this resource which would
be economically recoverable.

Use of coal for conventional markets is expected to increase,
provided that pollution control regulations do not seriously re-
strict future use of coal in electric power generation. There is
reason to believe that imminent technological advances will make
possible the achievement of future pollution control objectives.
Delays in the enforcement of severe air pollution regulations pend-
ing commercial availability of the respective technologies may well
be in the public interest.

Growth in coal use for synthetics holds great promise in easing
our dependence on foreign'sources of energy in the longer term. The
projected building rates for synthetics are dependent on water avail-
ability as well as on coal availability. Achievement of these rates
will require (1) massive government expenditures to provide the nec-
essary water for mine-mouth synthetic plants in the relatively water-
deficient western states and (2) coordination of action by govern-
ment bodies to ensure the legal availability of this water. Much needs
to be done to facilitate the development of coal-based gas and more
particularly liquids production into viable commercial Industries.
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Chapter Two
DEMAND FOR COAL

The demand for coal in recent years in relation to the U.S.
energy demand as a whole is shown in Table 2. These coal demand
figures show only domestic consumption and do not include the more
rapidly growing demand for exported coal, which reached 71 million
tons in 1970. Export coal is needed to support steel operations
throughout the Western World and to supply power, mostly in Canada.
It is, therefore, included in the subsequent demand projections.

TABLE 2

COAL DEMAND RELATIVE TO OVERALL ENERGY DEMAND-1965 AND 1970

Total U.S. ; Coal as Percent
Energy Needs Domestic Coal Use of Total U.S.
(Trillion BTU's) Million Tons Trillion BTU's Energy Needs
1965 53,785 454 12,030 22.4
1970 67,827 519 13,062 19.3
Growth Rate 4.7% 1.7%

The use of coal in steelmaking and other industrial applica-
tions will continue largely along current lines. There will be
continued reduction in the amount of coke needed for each ton of
steel due to technological advances. Air pollution problems are
the kmajor uncertainties surrounding the use of coal In its present
markets.

Of total coal demand, 83 percent involves only the two mar-
kets of coke production and electric power generation. These two
uses are expected to represent 92 percent of all demand by 1985,
assuming no conversion of coal to either gas or liquid fuel during
this period.* Future demand can, therefore, be fairly well de-
fined by detailed consideration of the steel and power markets
which are discussed further below.

The Coal Task Group projects the total domestic demand less
synthetics to grow at a 3.5-percent rate. Projections of total do-
mestic demand by market sectors and by Petroleum Administration for
Defense (PAD) districts, in trillions of BTU's, are listed in Tables
3 and 4. The figures listed in Table 3 are repeated in Table 5 in
millions of tons per year, together with export demands. Appendix E
contains a detailed description of the assumptions and methodology
used in arriving at the data displayed in Tables 3 through 5.

* The potential growth rate of synthetic fuels industries
(synthetic pipeline ga_s from coal and synthetic hydrocarbon liquids
from coal) Is covered in a later chapter of this report.
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TABLE 3

U.S. COAL DEMAND BY MARKET SECTOR
(Trillion BTU's)

1970 1975 1980 1985
Coking coal (14,000 BTU/Ib.) 2,688 3,136 3,360 3,528
Industrial (13,000 BTU/Ib.) 2,366 2,262 2,184 2,080
Residential/Commercial
(14,000 BTU/Ib.) 280 196 140 84
Electric Utility (12,000 BTU/Ib.) 7,728 9,960 12,600 15,696
Total" 13,062 15,554 18,284 21,388
(Average BTU's per Ton- Thousands) (25,167) (25,046) (24,910) (24,783)

* These quantities are less than the total demand figures shown in the NPC's U.S Energy Outlook: An Initial Appraisal
1971- 1985, Volume One (July 1971), because they do not include "Assumed Replacement for Shortfall in Other Fuel
Supplies." The added quantities for coal, in terms of tons of coal, would be 30 million tons in 1975, 65 million tons in
1980 and 70 million tons in 1985.

TABLE 4

U.S. COAL DEMAND BY PAD DISTRICTS
(Trillion BTU's)

1970 1975 1980 1985

PAD District | 4,745 5,394 6,071 6,871
PAD District Il 6,998 8,416 9,859 11,533
PAD District Il 920 1,178 1,503 1,857
PAD District IV 279 416 642 854
PAD District V 120 150 209 273
Total" 13,062 15,554 18,284 21,388

* These quantities are less than the total demand figures shown in the NPC's U.S Energy Outlook: An Initial Appraisal
1971- 1985, Volume One (July 1971), because they do not include "Assumed Replacement for Shortfall in Other Fuel

Supplies." The added quantities for coal, in terms of tons of coal, would be 30 million tons in 1975, 65 million tons in
1980 an 70 million tons in 1985.

It should be noted that the domestic demand figures shown in
Tables 3 ana 5 were the results of the task group's initial appraisal.
These figures were projected for conventional uses only; require-
ments for synthetics production were not inCluded. Furthermore,
the domestic demand figures were derived on the basis of a single
growth rate--3.5 percent. However, the domestic supply projec-
tions resulting from the task group's second appraisal and pre-
viously shown in Table 1, were based on two additional growth rates--
5 and 3 percent which correspond to Supply Cases | and IV respec-
tively. Domestic supply projections for Supply Cases Il and 111
were premised on the 3.5-percent growth rate that was used pre-
viously in the demand analysis. Hence, the projections for these

12



cases (Cases Il and Ill), with the exception of coal supplies for
synthetics production, are identical to the demand figures illus-
trated in Table 5.

TABLE 5

COAL DEMAND BY MARKET SECTOR
(Millions of Tons per Year)

1970 1975 1980 1985

Blast Furnaces 86 102 110 116
Foundries and Miscellaneous 10 10 10 10
Total Coking Coal 96 112 120 126
Residential/Commercial 10 7 5 3
Industrial 91 87 84 80
Electric Utilities 322 415 525 654
Total Domestic U.S. 519 621 734 863
Coking Coal Export 56 76 94 120
Electric Utility Export 15 16 17 18
Total Export 71 92 111 138
Total* 590 713 845 1,001

*  These quantities are less than the total demand figures shown in the NPC's U.S. Energy Outlook: An Initial Appraisal
1971 - 1985, Volume One (July 1971), because they do not include" Assumed Replacement for Shortfall in Other Fuel
Supplies." The added quantities for coal, in terms of tons of coal, would be 30 million tons in 1975,65 million tons in
1980 and 70 million tons in 1985.

DEMAND FOR COKING COAL

The production of steel and the impact of future technology
on the demand for coking coal were estimated in detail by the u.s.
Steel Corporation, with assistance from the American Iron and Steel
Institute (see Appendix F). The impact of new technology, such as
lower coke rates and direct reduction, are expected to be felt in
1975 at the earliest. Thereafter the growth In coking coal demand
will lag behind the growth in steelmaking. Accordingly, U.S. de-
mand for coking coal will grow at a rate of 2 percent per year, but
the much faster growth in world steel production is reflected in a
vigorous growth rate for u.S. coking coal export of 7 percent per
annum. This rate leads to a potential export demand of over 150
million tons per year in 1985, but this figure has been arbitrarily
reduced tb 120 million tons (or a 5.2-percent implied growth rate)
in 1985 to reflect growing foreign competition.

The rapid increase in the cost of the highest quality, low
volatile, U.S. metallurgical (coking) coal has led to increased
efforts by coke oven operators to minimize its use by various
changes in technology. The lower projected figure (120 million
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tons) also reflects this trend. Even so, metallurgical coal ex-
ports are one of the largest items in the U.S. foreign trade bal-
ance, approaching $1 billion in 1970, and future projections imply
more than twice this figure in 1985 (in constant 1970 dollars).

The growth of U.S. metallurgical coal demand is offset by an
expected reduction of industrial coal use. This market is pro-
jected to decline at a rate of some 1.0 percent per year. Since
residential/commercial and transportation uses of coal are almost
negligible in overall U.S. demand, the balance then depends on the
projected use of coal in power generation.

DEMAND BY ELECTRIC UTILITIES

The Energy Demand Task Group of the NPC's U.S. Energy Outlook
study commented on the extremely low elasticity of demand to price
change for total energy. This lack of elasticity is especially
pronounced in power generation due to the very long lead time
(presently 5 to 7 years) between the decision to build a power
plant and the date it becomes operational. As a result, all the
power stations that will operate in 1975 and some 85 percent of
those that will operate in 1980 are either existent or already
committed as far as design and choice of fuels are concerned. Fuels
are not interchangeable between nuclear and fossil-fuel plants, a
fact which further limits the flexibility of the demand.

The most important matter bearing on future use of coal in
power generation is the impact of the Clean Air Amendments of 1970
(Public Lav 91-604). In compliance with this legislation, the use
of low-sulfur coal might constitute a nationwide answer except for
the fact that such coal is severely limited in certain geographic
regions. The eastern United States is particularly deficient.
Low-sulfur coal is relatively more abundant in western regions, but
unfortunately this coal is distant from the major demand centers in
the East. Further, emission restrictions are continually tightening
and suggest that even fuel with 0.5-percent sulfur will not be us-
able in wide areas without removal of S02 from stack gases. Alter-
nate solutions to the problem are conversion of coal to low-sulfur
Bro_cliucer gas (low-BTU gas) or to low-sulfur fuel oil ahead of the

oiler.

The methodology used by the Coal Task Group to project coal
demand by electrical utilities is presented below:

e The total energy demand by electric utilities (in BTU'S)
was obtained from the NPC Eneagy Demand Task Group. (This
figure is supported by the Federal Power Commission [FPC]
and Edison Electric Institute studies.)

» The power generating capacity assigned to each fuel,
whether currently in existence or announced for startup
in the future, is then added for 5-year intervals. For
the first half of the period to 1985, this estimate in-
volves little guesswork because most new stations scheduled
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for startup in this period have been announced. The pro-
jection for the second half of the period requires an as-
sumption regarding the use of coal vis-a-vis gas, oil,
hydro or nuclear fuel. As a result, the projections by
various groups diverge increasingly as they reach further
into the future.

« After the generating capacity to be in operation with each
fuel is determined for each period, it is necessary to de-
termine the operating factors of the various segments of
the total system. The figures used by the Coal Task Group
are based on a 70-percent operating factor for all nuclear
plants in 1975 and a 74-percent factor in 1980 and 1985.
This compares with a 52- to 54-percent average for all
fossil-fueled plants and a declining hydropower operating
factor (52 to 45 percerit).

e The fossil fuel demand (essentially the remainder after
nuclear, hydro and gas turbines have made their contribu-
tion) is then estimated for oil, gas and coal, reflecting
the capability of existing plants to burn these fuels and
giving some consideration to the availability of each for
use in power plants. The resulting coal -figures are tabu-
lated in Table 5.

NUCLEAR IMPACT ON UTILITIES DEMAND FOR COAL

The coal demand projections are based on nuclear capacity in
existence and operating at the stated load factors in 1975, 1980
and 1985 of 50,000, 127,900 and 251,260 megawatts (MW), respective-
ly. The assumption that the nuclear plant operating factor will
be 74 percent, however, must be viewed in light of an actual average
operating factor of only 48 percent achieved so far by the 14 nu-
clear plants already operating in 1970. Thus, the ability of the
nuclear sector to contribute its share at a 74-percent average out-
put is still in doubt, and any shortfall would impact increasingly
on the demand for fossil fuels as the nuclear capacity increases.
In 1970, when nuclear capacity was only a small part of the U.S.
total power plant, its low operating factor was already reflected
in a greater demand for fossil fuels.

The following figures give an indication of the sensitivity of
estimates of fossil fuel demand to the "nuclear impact.” If the
average output obtained by the nuclear sector in 1975 were to be
only 60 percent rather than 70 percent, the estimate of fossil fuel
demands would have to be increased 2.7 percent. But in 1985, when
nuclear capacity represents a far greater fraction of the total
and a 74-percent operating factor 1s assumed, a drop of the nuclear
operating factor to 60 percent would require a |3-percent increase
in fossil fuels (including almost 90 million tons of coal). This
rise would be required in that 1 year alone, unless anticipated
years earlier.
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The coal industry is increasingly moving toward firm, long-
term, contract-based operations both In the metallurgical and power-
generation markets. This trend reduces the amount of excess mining
capacity which can be counted on to permit coal-burning plants to
pick up the slack in case nuclear plants fall behind schedule in
becoming operational or in case they prove less reliable than ex-
pected. The rate of future commitment to nuclear power, fossil-
fueled power and mine development will presumably reflect this
consideration.

For further details concerning the demand for coal refer to
Appendices E and F.
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Chapter Three
COAL RESOURCES

SOURCES OF SUPPLY FOR CONVENTIONAL USES AND SYNTHETICS

Prior to examining future coal supply (supply is examined in
Chapter Five), it is desirable to distinguish between (1) the growth
of coal supply from the present sources for the major conventional
coal markets (electric power and steel) and (2) the potential growth
of supply associated with use of coal for synthetic gas and liquids.

Through 1985, the increased supply of coal for the conventional
markets can be assumed to come essentially from deposits similar
(in terms of seam thickness and depth) to those presently mined.
The impact of production growth on future costs can therefore be
approximated fairly closely without having to consider the costs of
mining deeper or thinner seams.

In contrast, the supply of coal for conversion to gas or lig-
uids through 1985 can be expected to be based largely on use of
surface coal deposits in the Rocky Mountain area I1n view of the
much lower mining costs associated with that area. Therefore, the
adequacy of this specific resource will be considered in connection
with the future production of synthetic fuels. This does not mean
that only western coals will be used for synthetic feedstocks.

Coal from other areas may also be used, but the quantity would prob-
ably be negligible by comparison.

REGIONS OF U.S. COAL RESOURCES

An examination of future coal supply requires some manner of
geographically categorizing the available resources. The categori-
zation is most useful if the resources are grouped so that each
region is somewhat uniform in terms of coal deposits and mining
method. Figures 1 and 2 show the coal fields of the United States,
with the six underground mining regions shown in Figure 1 and the
six surface mining regions shown in Figure 2. These regions are
also outlined in Table 6. The total resources are first divided
between underground- and surface-mined coal. These two groups are
then subdivided into major coal basins where mining conditions vary
only within a narrow range. Future cost projections are made for
each of these basins.

MAGNITUDE OF THE COAL RESOURCE BASE
Coal represents the largest, most accessible reserve of ener-

gy available within the continental United States. The Coal Task
Group has made a potential resource estimate which is based on a
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COAL FIELDS D

UNDERGROUND MINING
REGIONS ANALYZED
(SEE TABLE 6)

Figure 1.
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Coal Fields of the United States--Major
Underground Mining Regions.

Figure 2. Coal Fields of the United States--Major
Surface Mining Regions.
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TABLE 6
COAL FIELDS OF THE UNITED STATES
Underground Surface
Region 1
1 West Virginia 1 Kentucky
2. Pennsylvania 2. West Virginia
3. Virginia
4. Tennessee
Region 2
1 Mercer County, W. Va. 1. lllinois
2. McDowell County, W. Va. 2. Indiana
3. Wyoming County, W. Va. 3. lowa
4. Ohio
Region 3
1. Illinois 1 Pennsylvania
2. Indiana
3. Ohio
Region 4
1 Kentucky 1 Colorado
2. Tennessee 2. Montana
3. Virginia 3. New Mexico
4. Wyoming
Region 5
1 Utah 1 Oklahoma
2. Colorado 2. Kansas
3. Missouri
Region 6
1. Alabama 1 North Dakota
* Does not include Mercer, McDowell and Wyoming Counties in West Virginia; these three
counties produce mainly low-volatile coking coal and are considered separately in Region 2.

report on U.S. coal resources prepared by the USGS. The total coal
in place is given as 3.21 trillion tons and is broken down as shown
in the following tabulation:*

* Paul Averitt, Coal Resources oOf the United States, USGS
Bulletin 1275 (January 1, 1967).

19



Trillion
Tons

Mapped and Explored: 0-3,000'

Overburden 1.56
Probable Additional Resource in

Unmapped and Unexplored

Areas: 0-3,000' Depth 1.31
3,000-6,000" Depth 0.34
Total 3.21

Figure 3, taken directly from the original USGS report, shows
the percentage distribution of the 1.56 trillion tons at less than
a 3,000-foot depth in the mapped and explored areas. The total is
subdivided by depth, by seam thickness and by three categories of
certainty.

Coal resources in place (i.e., not necessarily recoverable)
are commonly divided into three categories according to the rela-
tive abundance and reliability of data used in preparing the esti-
mates. These categories are termed "measured,” "indicated" and
"inferred." Measured resources are resources for which tonnage is
computed from dimensions revealed in outcrops, trenches, mine
workings and drill holes. Indicated resources are resources for
which tonnage is computed partly from specific measurements and
partly from a projection of visible data for a reasonable distance
on the basis of geologic evidence. Inferred resources are resources
for which quantitative estimates are based largely on broad know-
ledge of the geologic character of the bed or region and for which
few measurements are available.

Information on measured and indicated resources as tabulated
by the Bureau of Mines (see Appendix G) shows that the U.S. coal
resources, in beds over 28 inches thick and under less than 1,000
feet overburden, are as follows:

Millions of Short Tons

Bituminous Coal o 261,510
Subbituminous Coal and Lignite 119,861
Anthracite 12,735

Total 394,106

The block shown in Figure 3 within the dotted line represents
these 394 billion tons. This figure is termed "remaining measured
and indicated reserves" and is composed of 349 billion tons of
underground resources and 45 billion tons of surface resources.

These 394 billion tons, however, do not include measured and
indicated coal seams which are less than 28 inches thick and below
1,000 feet overburden and which are thus beyond current economic
mining practices. These 394 billion tons, In fact, represent only
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SOURCE: Paul Averitt, Coal Resources of the United States, USGS Bulletin 1275 (Januarv 7, 1967).

Figure 3. Estimated Mapped and Explored Coal Resources--U.S.A.
(Total Shown--1.56 Trillion Tons).

about 25 percent of all measured and indicated resources of more
than 14 inches in thickness and under less than 3,000 feet cover.
The latter will have no significance during the next 15 years, but
future needs and new approaches to mining technolo%y can someday
place most of these 1.56 trillion tons within reach.

In Tables 7 and 8, the "remaining" resources have been assignhed
to the regions defined in Table 6. In the case of underground coal,
shown in Table 7, the remaining resources (349 billion tons) are
further narrowed down to "economically available reserves" by ex-
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TABLE 7

UNDERGROUND COAL RESERVES AND PRODUCTION
(Minable by Underground Mining Methods)

Billions of Tons

Remaining 1970 Life of Recoverable Reserves
Measured and Economically Production
Indicated Available Recoverable (Millions of at % Growth Rate (Years)
Region Reserves * Reservest Reservest Tons) 0% 3% 5%
1 92.7 67.1 335 145.8 230 69 50
2 9.1 9.1 4.6 N.A.
3 83.1 59.5 29.7 52.3 568 96 68
4 34.5 24.4 12.2 95.0 129 52 40
5 21.9 13.3 6.7 8.6 774 106 74
6 1.6 .6 .3 9.1 35 23 20
Other 106.3 35.2 17.6 N.A.
Total § 349.1 209.2 104.6 338.8 309 80 58

¢ Bituminous, subbituminous and lignite in seams of "intermediate" or greater thickness and less than 1,000 feet overburden
(see Figure 501.

t Excludeslignite and "intermediate" thickness seams of bituminous and subbituminous coal.
1 Based on 50-percent recovery of economically available reserves.

8 May not add correctly due to rOllnding.

TABLE 8

SURFACE COAL RESERVES AND PRODUCTION
(Minable by Surface Mining Methods)

Recoverable 1970 Life of Reserves
Reserves Production at % Growth Rate (Years)

Region (Billions of Tons) (Millions of Tons) 0% 3% 5%
1 4.2 101.2 42 27 23

2 5.6 91.0 62 36 29

3 0.8 25.1 .32 23 19

4 23.8 19.1 1,246 122 85

5 1.6 8.3 193 65 48

6 21 5.6 375 85 62
Other 6.9 13.8 500 95 67
Total 45.0 264.1 170 61 46

eluding underground lignite and intermediate thickness bituminous
and subbituminous seams.

used to arrive at the total

A recovery factor of 50 percent has been
recoverable underground reserves.

reduces the total underground reserve to 104.6 billion tons. In

order to emphasize the magnitude of this resource,
lated to the 1970 rate of production, and the life of these reserves

it has been re-

in years is shown for compounded annual growth rates of 0, 3 and

5 percent.

It is apparent that these resources are of sufficient magni-
tude to obviate production from any thinner or deeper seams for
some time to come, even at the 5-percent growth rate.
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The amounts shown in Table 7 are particularly sensitive to the
impact of mining technology. This tabulation assumes the applica-
tion of current techniques and economics and assumes, as previously
mentioned, a 50-percent recovery factor. A wide-scale switch to
longwall mining or anY other system which yields higher recovery
could add substantially to the recoverable reserves.

Similarly, the recoverable surface-mined coal reserves are
grouped in Table 8 according to the regions outlined in Table 6.
In Table 8, a recovery factor is not applied since, in most cases
of surface mining, it will exceed 90 percent. The life of these
surface reserves is related to the 1970 production rate at annual
growth rates of 0, 3 and 5 percent. This life excludes those re-
serves of the western United States for synthetic fuels production.

On the basis of 11,000 BTU's per pound (an assumed average
value), the 394 billion tons of coal, currently regarded as the
Nation's resource base, should supply 8,670 quadrillion BTU's. Al-
though less than one-half of these reserves are currently considered
recoverable, this latter figure alone represents a very sizable
reserve measured in many years of supply in relation to our pro-
jected demand for coal. Until a successful breeder reactor is de-
veloped, no other U.S. energy resource is or will be comparable to
this reserve. From the point of view of untapped resources, at
least, the coal reserves of the United States are sufficient to
supply the Nation's basic energy needs until the breeder or the
fusion reactor, or perhaps solar energy, can remove the ever growing
concern about our ultimate energy sources.

It is quite significant that the reserves shown above in Tables
7 and 8 exclude inferred resources plus potential coal yet to be
found in unmapped and unexplored areas. Since the two tables to-
gether represent only about 150 billion tons of recoverable coal
reserves, or less than 5 percent of the total potential resource
in place (3.21 trillion tons), the size of the additional coal re-
serves which may be potentially accessible should also be empha-
sized. As Figure 3 shows, even within existing mapped and explored
areas there are thick resources under less than 1,000 feet which
are potentially available. These resources could represent about
215 billion tons if they were better defined. This would be in
addition to the 394 billion tons now regarded as the Nation's re-
source base.

Unmapped and unexplored coal resources could also yield sig-
nificantly greater coal reserves. As previously noted, resources
in this category are presently estimated at 1.31 trillion tons.
Table 9, an excerpt of USGS data for a sample of states, gives an
indication of the additional potential in unmapped and unexplored
areas.

The last column in Table 9 gives an indication of the remalning
potential for each state. With the East having been well explored,
the greatest potential remains to be found in the Rocky Mountain
region, followed by the Midwest. While additional coal resources
in the West are likely to be somewhat less accessible than the
Nation's eastern sources, they should still include substantial
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TABLE 9
SELECTED COMPARISON OF "MAPPED AND EXPLORED"
AND "UNMAPPED AND UNEXPLORED" RESOURCE
(Billions of Tons)
Unmapped/
Total Total
Resource Mapped Unmapped (Percent)

New Mexico 88 61 27 31
Utah 80 32 48 60
Colorado 227 81 146 64
Wyoming 445 120 325 73
Montana 379 222 157 41
North Dakota 530 350 180 34
Ilinois 240 140 100 42
Indiana 57 35 22 39
Pennsylvania 80 70 10 13

West Virginia 102 102
Ohio 44 4?2 2 5

amounts of coal within current economic reach.

Metallurgical Coal Reserves

Steelmaking requires a special type of coal, known generally
as metallurgical coal. So-called metallurgical coals are needed
to produce coke for blast furnace operation. These coals must have
a property known as caking (or coking) and must be low in sulfur
(under 1.5 percent and preferably well under 1.0 percent). In ad-
dition, a hi%h content of fixed carbon is desirable (volatile mat-
ter content between 17.5 and 25.0 percent), and ash levels should
be low (5.0- to 7.0-percent ash is acceptable).

Coals of this type are in short supply throughout the world.
The Bureau of Mines tabulation in Appendix G indicates reserves of
20.3 billion tons of low and medium volatile coals in seams of 28
inches or thicker and under less than 1,000 feet cover. This re-
lates to a demand of 96 to 126 million tons per year for the United
States. To this must be added the already large and rapidly growing
export volume (56 million tons in 1970, potentially 120 million
tons in 1985). The U.S. reserve position for metallurgical coals,
while safe for many decades, is clearly not comparable to that of
the coal reserves as a whole.

Adequacy of Reserves

In summary, the supply of coal reserves in place is adequate
to meet the U.S. (and export) demand during the next 15 years and
through the rest of the century with a wide margin of safety, in-
cluding coal for conversion to gaseous and liquid fuels.
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Chapter Four
COAL MINING

COAL PRODUCTION

Coal is produced in the United States from both underground
and surface mines. Most surface-mined coal involves removal of
ggja overburden (stripping), with auger mining contributing the

ance.

The history of coal production for the 1935-1970 period is
shown on Figure 4, which indicates total U.S. coal production and
a breakdown into underground and surface bituminous coal (includ-
ing lignite) and anthracite.
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Figure 4. Production of Bituminous Coal (Including Lignite) and
Anthracite--1935-1970.

It is evident that the contribution of surface mining is
large and increasing. This trend is reflected in Table 10.

Surface mining is attractive due to lower investment and
operating costs (less manpower) and because it is not subject to
the health and safety problems associated with deep mining,
although it is subject to increasingly stringent environmental
requirements.
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TABLE 10

TREND OF TYPE OF COAL MINES
(Percent of Total Bituminous Coal and Lignite Production*)

1960 1965 1970

Deep Mining of Coal 68.6 65.0 56.2
Surface Mining of Coal 314 35. 43.8
Total 100.0 100.0 100.0

* Actual production figures for the 1960 - 1969 period are included in Appendix H.

COAL MINING METHODS

Underground Mining

During the 1950-1970 period, underground production was based
on four distinct mining systems:

e Handloading
e Conventional
e Continuous

* Longwall.

Handloading, which once produced significant coal tonnages,
has declined to such an extent since 1950 that it is now insignifi-
cant.

Conventional and continuous mining provide the bulk of
United States underground coal tonnages today. Both systems in-
volve a room and pillar approach, but they differ in terms of
machinery used and in operating sequence. A continuous mining
machine, for example, combines into one machine the work done
in conventional mining by the cutter, the face drill, the loading
machine and the blasting operation. One such machine breaks or
digs the coal out of the solid seam and loads it into a convey-
ance vehicle. Haulage and roof support, however, are accomplished
in much the same manner for either conventional or continuous
mining.

Although the conventional mining share of underground produc-
tion has declined steadily since 1950, it is still expected to
produte an important portion of total tonnage in the future.
Production from continuous mining, on the other hand, has steadily
increased since 1950 and equaled conventional tonnage in 1966.
Since 1966, continuously mined tonnage has accounted for virtually
all of the increase in underground tonnage.
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Longwall mining, long prevalent in Europe, has recently
entered the United States. In longwall mining, a large block of
coal to be mined is isolated by driving entries, or tunnels,
around four sides of the block. Mining is then done across the
width of the block (300 to 800 feet), a slice at a time. The
mining machine is either a drum-type shearing machine or a plow
which is moved along the coal face. As the coal is dug from the
face, it falls to the floor where it is continuously removed by
a conveyor assembly.

Although the percentage of total underground production by
the longwall method in 1970 was very small, this method is
expected to become increasingly important because it concentrates
production in a smaller area in the mine, offering better produc-
tivity and simplified ventilation.

Figure 5 shows the percentage of underground bituminous
production developed by conventional, continuous and longwall
mining systems during the 1950-1972 period.

As Figure 5 indicates, conventional mining accounted for
the largest share of underground production through the mid 60's.
In the Tate 1960's, however, production from continuous mining ex-
ceeded coal tonnages produced by conventional mining methods.
During that same year, longwall mining accounted for a small but
growing 2 percent of underground production. Thus, in light of
current trends, it is anticipated that by 1975 continuously mined
tonnages will amount to 63 percent of underground production,
longwall mining tonnages will expand to 5 percent, and tonnages
produced by conventional mining methods will decline further to
32 percent.

Productivity of Underground Mining

As a result of continued growth of continuous minling and near
elimination of handloading, the average productivity of manpower
steadily increased through the late 1960's (a 2.7-percent rate
during the 1965-1969 period). Historical data given in Table 11
show this trend in tons per man per day.

However, with the enactment of the Coal Mine Health and
Safety Act of 1969, a profound negative impact on productivity
has resulted as suggested by the 1969-1970 downturn which is
also shown in Table 11. Conclusive statistics are not yet avail-
able to show the full impact of the law on productivity, but
reductions at individual mines from 15 to 30 percent have been
reported.*

* Data for 1971 confirms a further decline in productivity
of underground mining--12.03 tons per man-day.
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TABLE 11

RELATIVE PRODUCTIVITY OF UNDERGROUND MINING
(Tons per Man per Day)

Underground Total Industry*
1960 10.64 12.83
1965 14.00 17.52
1969 15.61 19.90
1970 13.76 18.84

* Includes both underground and surface mining.

The dust control provision of the 1969 statute calls for a
target maximum of 2 milligrams respirable dust per cubic meter of
air, which will affect mine productivity. This provision will be
strictly enforced by January 1, 1976. Other provisions regarding
roof control, ventilation requirements and other limitations of
the mining cycle will also have a similar impact on productivity.
Interpretation of the act in the field has not yet reached the
point where its provisions have been put to use as a steady
practice, and it has been in effect for too short a time to permit
a full analysis of its impact on underground mining. It is hoped,
however, that the setback in productivity resulting from this act
can be regained during the near future. In any event, it is now
difficult to project manpower requirements with confidence.

Surface Mining

Surface Mining Methods

In general terms, surface mining (sometimes referred to as
strip mining) involves removal of the overburden to expose the
coal seam for subsequent loading. Surface mining can be divided
into two broad classes: contour mining and area mining. Contour
mining (in some regions called collar mining) is employed in hilly
areas where topography governs pit design. Where the terrain is
steep, the recoverable reserves tend to lie in a narrow band
adjacent to the coal outcrops. The coal pits are usually develop-
ed in the form of long, narrow strips, each of which follows a
certain contour interval around the mountain or hill. Since the
coal beds are nearly flat and the terrain is quite rough, in most
cases only a few cuts can be made around the hills before the maxi-
mum economic stripping ratio is reached.

Area mining is used in flat or slightly rolling areas where
the coal seams are relatively flat. The pit design is governed
mainly by the equipment and the desired level of production. The
pits are developed in a series of long, narrow strips. As the
mining progresses, the overburden from each strip is cast back
into the open pit of the previous strip. Thus, a series of
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parallel furrows are formed in much the same manner as a farmer
plows his field. For this reason, area mining is sometimes
referred to as furrow mining.

In the Appalachian region, both surface mining techniques
are employed. Area mining is used in Alabama, Ohio, Pennsylvania
and parts of West Virginia. Contour mining is practiced in parts
of Alabama, Pennsylvania, Ohio, West Virginia, Maryland, Virginia,
East Kentucky and Tennessee. In the western states, surface
mining will be largely area mining.

Auger mining of coal is frequently done in association with
surface mining. In some mountain areas where surfaces lie on
steep slopes, auger drills are used to remove the coal from the
bank after the coal seam has been uncovered with one or two strip
pits.

Coal Production by Strip Mining

In 1970, about 44 percent of the bituminous coal and lignite
produced in the United States came from strip mines.* The produc-
tion capacity of strip mines generally ranges from 0.5 to 6.0
million tons per year with an average output of about 2 million
tons per year. However, one western mine is scheduled to exceed
8 million tons per year production.

Coal Stripping Ratios

The key figure on which feasibility of surface mining depends
is the stripping ratio, usually expressed in cubic yards of over-
burden to be removed to recover 1 ton of coal. The limiting
ratio depends on the value of the coal among other items; hence,
ratios of up to 30 to 1 have been profitably mined. Area averages
are as follows:

Midwest: Kentucky 11:1
Illinois-Indiana 18:1
Ohio 15:1
Western States: Overall Average 6:1

The Bureau of Mines Coal Reserve Tables show some 25 billion
tons of low-rank coals strippable at ratios from 1.5:1.0 to
18.0:1.0 in the western states (see Appendix G).

*  When this study was initiated, only 1969 information was
available. Information for 1970 became available during the
course of the study and is shown here. More recent information now
available indicates that in 1972 surface-mined coal accounted for
more than S0 percent of total production.

30



Productivity of Surface Mining

The high manpower productivity of surface mining is apparent
from a comparison of the figures shown in Table 12 with those
previously listed for underground mining in Table 11. This high
productivity represents one of the main incentives for surface
mining.

TABLE 12

RELATIVE PRODUCTIVITY OF SURFACE MINING
(Tons per Man per Day)

Stripping Auger Mining Total Industry*
1960 22.93 31.36 12.83
1965 31.98 45.85 17.52
1970 35.96 34.26 18.84

* Includes both underground and surface mining.

On the negative side, there is increasing opposition to strip-
ping operations, particularly contour mining. Land reclamation of
strip-mined land is currently subject to varying state laws. In
general, these laws require grading the mined area and seeding or
planting to reestablish vegetation. The cost of reclamation
depends on the average amount of coal recovered per acre of
stripped land, hence the seam thickness. While the actual amount
varies widely, it is not prohibitive per se; however, proposed
stricter reclamation requirements will have a marked impact on
stripping cost and will preclude stripping of some reserves.

~ Possible effects of environmental restrictions on surface
mining will be presented in a later chapter.

STRUCTURE OF THE COAL INDUSTRY

The structure of the coal industry is similar to the agricul-
tural industry: the capacity and scope of individual operating
units vary over a very wide range. Production of bituminous coal
in 1970 was distributed as shown in Table 13. As this table
indicates, in 1970 less than 6 percent of the mines produced over
59 percent of the coal while over 71 percent of the mines produced
less than 10 percent of total coal production. Obviously, the
operating conditions at a mine producing, for example, 25,000
tons per year (about 100 tons per work day) differ tremendously
from those of a facility producing 2 million tons per year (about
8,750 tons per work day).

The industry trend in recent years is toward increasing the
number of days worked per year as well as the size of individual
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TABLE 13

DISTRIBUTION OF COAL PRODUCTION-1970*

Mine Capacity (Tons per Year) Number of Mines Percent of Total Production
Over 500,000 307 59.6
200,000 - 500,000 266 14.0
100,000 - 200,000 405 9.3
50,000 - 100,000 617 7.2
Under 50,000 4,006 9.9
Total 5,601 100.0

* Detailed statistics for the 1960 - 1969 period are given in Appendix H.

mines. Table 14 indicates the number of days worked per year
between 1960 and 1970.

TABLE 14

TRENDS IN WORKING OF MINES
(Number of Days Worked per Year)

Type of Mine
Underground Surface Auger Total
1960 188 213 119 191
1965 216 238 136 219
1970 229 236 148 228

In 1950, mines producing over 500,000 tons per year produced
36 percent of total production. By 1960, this group's contribu-
tion was 49 percent. In 1970, its share reached 59.6 percent (see
Table 13). This trend is expected to continue as more and more
companies take advantage of the economies of scale that may be
obtained at large mines with larger, nore efficient equipment.
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Chapter Five
FUTURE COAL SUPPLY OUTLOOK

GROWTH CAPACITY FOR THE DOMESTIC INDUSTRY

In the Initial Appraisal, a sustained growth rate for coal of
3.5 percent per year was projected through 1985 from reserves pres-
ently mined. However, a subsequent review of future coal supply
indicated that a maximum rate of growth of 5 percent per year could
be sustained by the coal industry. In addition to evaluating the
effect of growth rate on costs and "prices,” a more moderate rate
of growth of 3 percent per year was also analyzed. The results of
these growth rates are shown in Table 15.

U.S. coal mines produce coal for export, and in the future will
produce coal for conversion to synthetic gas and liquids. Table 1
In the Summary at the beginning of this report adds the coal re-
quired for these purposes to the conventional domestic figures and
gives Case | throu%h IV projections for total coal supply and use.
The expected growth of exports is the same as that projected while
analyzing demand in the Initial Appraisal. Derivations of the
synthetic gas and liquids projections are given in a later section
of this report.

Rationale for Use of Maximum Growth Rate

As previously illustrated in Figure 4 (Chapter Four), the
greatest output from underground bituminous mines was reached dur-
ing 1944 (518.7 million tons), and this peak output was preceded
by a sustained growth in underground coal production over a 6-year
period of almost 8 percent compounded annually. In the light of
this performance, the 5-percent maximum growth rate indicated in
Table 15 seems reasonable for future underground production.

As far as surface-mined coal (for conventional markets) is
concerned, there is adequate historical justification for the
5-percent maximum growth rate. Annual growth in surface production
since 1944 has been at a rate of 3.8 percent. Since 1954, produc-
tion has grown at a rate of 6.1 percent. Again, this 5-percent
projection relates primarily to surface mining in the eastern United
SF;[ates where most of the surface coal has actually been produced in
the past.

ECONOMICS OF FUTURE COAL SUPPLY

Approach to Economic Analysis

In conducting its economic analysis of future coal supply,
the task group employed a somewhat rigorous guantltatlve approach.
In particular, an economic model was designed, developed and pro-
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TABLE 15

FUTURE COAL SUPPLY FROM PRESENTLY USED RESERVES
FOR CONVENTIONAL DOMESTIC MARKETS ONLY

Growth

Rate 1970* 1975 1980 1985
(Percent) Trillion BTU's per Year

Case | 5.0 13,062 16,650 21,200 27,100

Cases /111 35 13,062 15,554 18,284 21,388

Case IV 3.0 13,062 15,100 17,550 20,300

Million Tons per Year

Case | 5.0 519 665 851 1,093

Cases 1I/111 35 519 621 734 863

Case IV 3.0 519 603 705 819
Average :

Thousand BTU/Ton 25,167 25,046 24,910 24,783

* Based on preliminary Bureau of Mines estimates. See footnote, Table 1.

grammed for a computer to assist in making an evaluation of future
coal costs and to project a range of future coal "prices."*

The model itself was developed in three major sections, each
of which performed a particular function. The first section was
primarily concerned with estimating the average cost of producing
coal at various production levels in the United States during the
period covered by the study. The second section (a cash flow pro-
gram) calculated, for a range of coal production growth rates (3
to 5 percent), the future average value or "price"” of coal per
ton (f.o.b. mine) required to yield three DCF rates of return on
investment (10, 15 and 20 percent). The third section consisted
of a regression program that was used to calculate the future coal
values or "prices" on a regional basis. The regions for which
these "prices" were calculated were the six underground and three
surface mining regions (Regions 1, 2 and 3) that were illustrated
in Table 6 (Chapter Three).

The model assisted in examining certain aspects of the con-
ventional coal industry in the East and Midwest. The coal indus-
try in these areas might be described best as a mature industry
in an economic sense, and historical data which could be used for
the purposes of this study were available. For several reasons,
the model could not be used to analyze the relatively new coal
industry in the West where ogening or closing one or two mines
might completely change the basic economic structure of the indus-
try in that area.

* "Price" as used here is not a future market price but re-
fers to an economic unit value which would, on the basis of the
supply cases analyzed, support projected levels of coal production.
Calculated "prices" in this study necessarily cover mining costs
and yield a specified DCF rate of return on investment.
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A vast amount of statistical data pertaining to the various
operating aspects of the coal industry have been published by the
U.S. Bureau of Mines as well as by a number of state agencies in
the principal coal producing regions. However, little data have
been published regarding the average capital and operating costs
of producing coal. Those variables which related directly to
capital and operating costs were determined and were subsequently
categorized into four general classes, i.e., economic, physical
and technological variables as well as certain governmental poli-
cies. The historical values for each of the variables were then
collected and analyzed. The information obtained was used to de-
sign a model reflecting the average operating conditions which ex-
isted in the coal industry during the base year--1969.* These
costs and operating conditions were then projected forward into the
1970-1985 period.

Because the cost of producing coal at underground mines is
significantly different from the cost of producing coal at surface
mines, it was necessary to consider both mining methods separately
in developing the model. Consequently, two hypothetical coal mines
--one surface and one underground--were created to serve as the

ECONOMIC I TECHNOLOGICAL PHYSICAL I GOVERNMENTAL I
VARIABLES VARIABLES VARIABLES POLICIES DIRECT OPERATING COSTS
INDIRECT OPERATING COSTS
| I | | FIXED COSTS
I [_’ TOTAL CASH OPERATING COSTS
| > CAPITAL INVESTMENT
DEPRECIATION
CAPITAL INVESTMENT REQUIRED | n DEPLETION
TO MAINTAIN A CONSTANT ¢ I d TAXES
WEIGHTED AVERAGE ¢
NEW CAPITAL INVESTMENT REQUIRED CAPITAL INVESTMENT DISCOUNTED CASH ELOW MODEL
TO PRODUCE THE INCREMENTAL ] R Anmal ™ USED TO DETERMINE F.0.B. MINE
COAL TONNAGE NEEDED TO YIELD A SPECIFIED ANNUAL VALUE OF COAL PER TON FOR A
A GIVEN ANNUAL GROWTH RATE GROWTH RATE 10%, 15% & 20% RATE OF RETURN
REGRESSION MODEL USED TO DETERMINE
THE F.O.B. MINE VALUE OF COAL PRODUCED U. S. AVERAGE
IN EACH OF THE MAJOR COAL PRODUCING |- VALUE OF COAL F.0.B. MINE
REGIONS AS A FUNCTION OF THE U. S. ”" Eggg' 2; gl’j‘gFEECGERSIL,’\I’\I‘EDS MINES
AVERAGE F.0.B. MINE VALUE OF COAL : :
| L I I & |
SURFACE MINES IUNDERGROUND MINES
VALUE OF COAL PER TON VALUE OF COAL PER TON
REGION1 REGION2 REGION3 REGION4 REGIONS5  REGION 6 REGION 1  REGION 2 REGION 3

Figure 6. Method of Analysis--Coal Economic Model.

* 1969 was used as the base year for the model as it was the
last year for which most of the statistical data used in the study
was available. However, the 1970 Bureau of Mines data became avail-
arl?le dlérilng the course of the study and have been incorporated into
the model.
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basis for the model to evaluate the future costs of supplying coal
at various levels of production. The basic structure of the eco-
nomic model is described conceptually in Figure 6.

It should be noted that the values of the variables used in
the model to describe the future coal industry were estimated each
year over the life of the study to account for variances in the
average mine size, status of technology, the impact of governmental
policies, etc. One such variable to which the coal model is prop-
erly sensitive is mining productivity, particularly that of under-
ground mining. The U.S. average productivity for underground and
surface mines is shown in Figures 7 and 8, respectively. It can be
noted for underground mines (Figure 7) that productivity between
1969 and 1970 suffered a sharp decline--from 15.61 tons per man-day
in 1969 to 13.76 tons per man-day in 1970. This decrease in pro-
ductivity reflects the rather severe impact of the Coal Mine Health
and Safety Act of 1969. However, as Figure 7 illustrates, the
model assumes that the decline has now reached its nadir and that
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Figure 7. Output per Man per Day at Underground
Bituminous Coa Mines.
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Figure 8. Output per Man per Day at Surface
Bituminous Coal Mines.

productivity will again increase and ultimately reach 17.80 tons
per man-day in 1985. Alternatively, Figure 8 illustrates future
changes in productivity at surface mines for Regions 1, 2 and 3.
Estimates were made for future changes in other major variables
where there was a rationale for making such an estimate.

Limitations of the Economic Analysis

There are certain limitations inherent in the use of an eco-
nomic model to predict coal mining costs. An economic model can
never reflect an actual cost situation at any specific mine with
perfect accuracy. Mining costs differ very widely, depending on
the specific conditions reflected in investment and operating
costs prevailing in different regions. Seam thickness and depth,
topograﬁhy, roof conditions, underground water flow and many other
items that affect cost vary from mine to mine. Some of these
factors are not readily predictable.
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The bulk of surface-mined coal now originates in the eastern
United States, where future mining costs are uncertain. The model
makes allowance for the still undefined rapid rise in reclamation
costs which may arise from more stringent reclaiming regulations,
but it may understate these costs by a considerable amount. This
item alone can exceed $1.00 per ton under certain conditions. The
reclamation cost actually used by the model for the U.S. average
is projected to grow from $0.02 per ton in 1970 to $0.34 per ton
in 1985 (in constant 1970 dollars).

Results of the Economic Analysis

Cost of Producing Coal

Production costs were estimated separately for underground
and surface mines and were broken down Into cash operating costs
and capital costs. Projections of the average cash operating cost
for underground and surface mines are given in detail in Appendix
I. Capital cost projections are briefly discussed here.

Shown in Table 16 are the estimated average unit capital in-
vestments required for both surface and underground mines through
1985. These figures include both the initial and the total capi-
tal investment per annual ton of production required over the life
of the mine. Specifically included is the cost of land acquisi-
tion, exploration, initial mine investment, working capital and
deferred capital costs.

TABLE 16

ESTIMATED AVERAGE CAPITAL INVESTMENT PER ANNUAL TON OF
PRODUCTION AT U.S. COAL MINES-1970 -1985
(30-Year Life-Constant 1970 Dollars)

Operating Year
Underground Mines Surface Mines
1970 1975 1980 1985 1970 1975 1980 1985
Original Capital Investment 7.15 8.46 9.20 9.84 6.39 7.33 8.07 8.78
Total Capital Investment over
Life of Mine 19.66 23.17 25.03 26.64 10.59 12.15 13.79 14.44

" Less salvage value.

The investment required to open a new mine is greater than
the average capital investment for all mines currently producing
coal. For example, information for the year 1970 indicates that
original capital investment for a new mine ranged between $8.00
and $20.00 per annual ton of production. However, Table 16 shows
that the average original capital investment per annual ton of
production at underground mines in 1970 was estimated by the eco-
nomic model to be only $7.15.
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TABLE 17
CAPITAL REQUIREMENTS FOR UNDERGROUND AND SURFACE MINES- 1970-1985
(Millions of Constant 1970 Dollars)
Supply Cases with Corresponding Growth Rates
McGraw-Hili Capital Case | Case |l Case IlI Case IV
Spending Survey* (5% Growth) (3.5% Growth) (3.5% Growth) (3010 Growth)
1963 124
1964 387
1965 153
1966 387
1967 325
1968 368
1969 382
1970 435 543.2 449.5 449.5 427.2
1971 457 595.5 485.2 485.2 459.0
1972 626 645.1 5141 514.1 487.9
1973 588 687.6 545.1 545.1 510.5
1974 559 731.7 570.9 570.9 532.1
1975 525 776.4 596.7 596.7 554.1
1976 822.8 624.2 624.2 566.8
1977 872.8 651.9 651.9 600.3
1978 925.5 680.7 680.7 623.3
1979 979.8 711.0 711.0 647.1
1980 1,036.8 741.1 741.1 670.0
1981 1,096.6 773.9 773.9 696.2
1982 1,158.5 806.3 806.3 7235
1983 1,223.2 840.1 840.1 757.9
1984 1,295.7 875.8 875.8 776.6
1985 1,370.9 912.8 912.8 807.3
Total 14,762.1 10,779.3 10,779.3 9,831.9
¢ McGraw-Hili Economics Department, "Capital Spending Survey," Spring and Fall Surveys (1964 through 1972);
figures in current dollars; figures for 1963 through 1971 are actual, and figures for 1972 through 1975 are estimated.

The economic model was also used to calculate the total
capital expenditures required each year to satisfy the several differ-
ent sgioply schedules (Cases | through 1V). First, the average annual
capital investment required to maintain a constant volume of coal
production was estimated (O-percent annual growth). To sustain
a constant volume of coal production, an annual replacement rate of
3 percent of the total productive capacity is needed to compensate
for those mines depleted each year. This replacement rate reflects
the fact that the average coal mine has an estimated life of 33.3
years. A following calculation was made to derive the new annual
capital investment required to produce the incremental coal tonnage
needed to yield several different growth rates. The incremental
capital investment was determined for three specific coal produc-
tion growth rates--namely, 5.0, 3.5 and 3.0 percent corresponding
to Supply Cases I, Il and Ill, and 1V, respectively. Finally, the
total weighted average annual capital investment required to sus-
tain each of the specified growth cases was determined. The re-
sults are shown in Table 17.
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As indicated in Table 17, the annual capital expenditures re-
quired to achieve the projected production levels are estimated
to grow from an actual 1970 figure of $435 million to between
$807.3 million (Case IV) and $1,370.9 million (Case |) per year in
1985. This increase means that the coal industry must invest be-
tween $9.8 billion and $14.8 billion during the 1970-1985 period
in order to supply the quantity of coal that will be needed.

Projected Coa "Prices"

Considering the wide range of coal mining conditions in the
United States, It is not surprising to find a wide range of
"prices" projected for the different regions. Figures 9 and 10
show the "price" projections determined by the economic model for
all underground mining operations. Only the highest and lowest
"price" regions are shown together with the U.S. average. These
"price" figures are based on only two of the three growth rates
assumed in this study (3 percent and 5 percent) with assumed DCF
rates of return of 10, 15 and 20 percent.

Figures 11 and, 12 illustrate the "price" projections for the
surface mining areas which have been active in the past (Surface
Regions 1, 2 and 3). The same growth rates (3 percent and 5 per-
cent) and rates of return (10, 15 and 20 percent) were used. Not
included here are the coal "price" projections for the major new
surface mines associated with the possible application to synthetic
fuels; these are treated separately in a later section.

Figures 13 and 14 show the average U.S. value or "price"
underground- and surface-mined coal, in both constant and current
dollars.

Table 18 shows the projected "prices" over rates of retUr-n of
10, 15, and 20 percent for new underground-mined and surface-mined
coal and compares these with the corresponding U.S. average values
which were based on both new and old mines. The resulting differ-
ences are generally less than 10 percent. The results of the
model may understate the real problem, however, because it may be
desirable to sell coal from an existing mine at "prices" associ-
ated with a low rate of return, but it would not be attractive
at the same time to invest in a new mine unless a greater return
were expected.

To illustrate, the 1970 average "price" of underground coal,
at a 10-percent DCF rate of return, is shown in Table 18 as $7.36
er ton. To achieve a 20-percent DCF rate of return, which might
etter represent the return needed to motivate investment in new
production, a "price" of $9.43 per ton results. The new coal
"price" is thus 28 percent above the average.
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TABLE 18

COMPARATIVE "PRICE" OF COAL-NEW MINES VERSUS AVERAGE FOR ALL MINES*
(Constant 1970 Dollars per Ton f.o.b. Mine)

DCE Rate Underground Mines Surface Mines
of Return 1970 1975 1980 1985 1970 1975 1980 1985
U.S. Average Value ("Price") for All Mines in Production (New and Old)
10% 7.36 8.76 8.85 8.97 4.44 5.38 5.82 6.21
15% 7.84 9.32 9.45 9.60 4.87 5.87 6.36 6.79
20% 8.42 9.99 10.16 10.35 5.36 6.43 6.96 7.45
"Price" of Coal from New Mines Only

10% 8.02 9.40 9.43 9.49 4.63 5.56 5.99 6.37
15% 8.66 10.11 10.16 10.24 5.12 6.11 6.58 7.00
20% 9.43 10.97 11.05 11.25 5.67 6.74 7.25 7.72

* 3-percent growth rate case.

Sensitivity Studies

A number of sensitivity calculations were performed to eval-
uate the effect that different assumptions on some of the impor-
tant input factors might have on the calculated "price" of coal.
These factors include productivity, income tax rates, capital costs
and depletion.

Productivity: Productivity is of obvious importance in coal
mining. A sensitivity analysis was undertaken to determine the
impact of a la-percent change in labor productivity on the calcu-
lated "price" of coal. Figures IS and 16 illustrate the results
for the hypothetical underground and surface mines. For easy
reference, the productivity used in the base case calculation of
average value (“"price") is shown on the bottom of each figure.

Figures IS and 16 show that underground mining is more labor-
intensive than surface mining. The rapid increase in the average
value of coal at underground mines during the 1969-1973 period iIs
primarily due to the decrease in the productivity of labor, result-
ing largely from the Coal Mine Health and Safety Act of 1969. It
was assumed, however, that this Act will not have a great impact
on the productivity of labor at surface coal mines. To the con-
trary, environmental regulations governing such activities as sur-
face reclamation could decrease surface productivity by more than
10 percent.

Income Tax Rate: A change in the income tax rate was also
analyzed to determine its effect upon the calculated "price" of
coal. As Table 19 indicates, the average value of a ton of coal
is not highly sensitive to a la-percent change in the effective
tax rate. For example, in the case of an average underground mine
in 1970, a la-percent increase in the effective tax rate results
in only a 1.2-percent increase in the "price" of coal because net
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TABLE 19
EFFECT OF INCOME TAX ON THE AVERAGE

VALUE OF COAL IN THE UNITED STATES*
(Constant 1970 Dollars per Ton f.0.b. Mine)

Effective Tax Rate

Underground Mines

1970 7.77 7.84 7.93
1975 9.23 9.32 9.42
1980 9.36 9.45 9.55
1985 9.51 9.60 9.71

Surface Mines

1970 4.80 4.87 4.96
1975 5.79 5.87 5.97
1980 6.27 6.36 6.46
1985 6.70 6.79 6.90

* 15-percent DCF rate of return; 3-percent growth rate.

profits after taxes, in this example, are only about 11.4 percent
of the f.o.b. mine value of the coal.

Capital Costs: These costs vary considerably between areas,
mining conditions, mining methods and even different mining com-
panies. For these reasons, a sensitivity analysis was undertaken
to illustrate the effect that a la-percent or 20-percent increase
in capital costs would have on the average value per ton of coal.
The results are shown in Table 20.

Depletion: Under the percentage method permitted by the
Internal Revenue Code for depletion computation, a la-percent
statutorK rate on gross income is allowed for the coal industry,
unless the resulting deduction exceeds a limitation of S percent
of net income.

Table 21 shows that eliminating the depletion allowance would
raise the "price" of coal by as much as $1.aa per ton. The table
also shows that, at low rates of return, the SO-percent net in-
come limitation applies. For example, for both la-percent and
| S-percent rates of return at underground mines, the SO-percent
net income allowable depletion is lower than the corresponding
la-percent gross income allowable depletion. (For surface mines,
the SO-percent net income limit comes into play only for a rate of
return of 10 percent. The difference is due to the fact that sur-
face mines are relatively more capital -intensive than underground
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TABLE 20
EFFECT OF THE CAPITAL INVESTMENT ON THE AVERAGE VALUE OF COAL IN THE UNITED STATES*
(Constant 1970 Dollars per Ton f.0.b. Mine)
DCF Rate Underground Mines Surface Mines
of Return 1970 1975 1980 1985 1970 1975 1980 1985
Rate of Return with Projected Capital Investment
10% 7.36 8.76 8.85 8.97 4.44 5.38 582 6.21
15% 7.84 9.32 9.45 9.60 487 5.87 636 6.79
20% 8.42 9.99 10.16 10.35 5.36 6.43 6.97 7.45
With 10% Higher Capital Investment
10% 7.54 8.96 9.07 9.21 4.57 5.53 5.98 6.39
15% 8.06 9.58 9.73 9.90 5.04 6.07 6.57 7.03
20% 8.67 10.31 10.51 10.73 5.58 6.68 7.24 7.75
With 20% Higher Capital |nvestment
10% 7.71 9.17 9.29 9.45 4.69 5.67 6.14 6.56
15% 8.29 9.84 10.01 10.20 5.21 6.27 6.79 7.26
20% 8.97 10.64 10.87 11.11 5.80 6.93 7.52 8.05
*  3-percent growth rate.

mines.) Thus, "prices" at low rates of return are likely to be

those falling under the "50 Fercent" heading in the table; those
at high rates of return are likely to be those under the "10 per-
cent” heading.

TABLE 21

EFFECT OF DEPLETION ON THE AVERAGE VALUE OF COAL IN THE UNITED STATES*
(Congtant 1970 Doallars per Ton f.0.b. Mine)

10% Gross Income 50% Gross Income
Rate of Depletion Depletion No Depletion
Return 1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985

Underground Mines

10% Average Cod Vaue 704 837 848 861 736 87 88 897 775 921 933 947
Allowable Depletion 070 08 08 086 038 040 047 050

15% Average Cod Vadue 766 9.09 925 942 782 932 945 9.60 843 1000 10.17 10.36
Allowable Depletion 077 091 093 0% 059 061 072 076

20% Average Cod Vdue 842 997 10.19 1041 842 999 1016 10.35 9.26 1097 1120 1145
Allowable Depletion 084 100 102 104 085 08 104 110

Surface Mines

10% Averege Cod Vdue 437 527 570 610 444 538 58 621 481 580 627 670
Allowabl e Depletion 044 053 057 061 037 040 046 050

15% Average Cod Vaue 495 593 642 6.87 487 587 63 679 544 652 7.06 755
Allowable Depletion 050 059 064 069 057 058 070 0.76

20% Average Cod Vadue 560 6.67r 723 775 536 643 696 745 616 734 79 852
Allowable Depletion 05 067 072 078 075 082 09 107

= 3percent growth rate.
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FACTORS POTENTIALLY LIMITING SUPPLY

Manpower

In spite of the importance of surface mining, the future
ability of the coal industry to supply its overall share of U.S.
energy demand will depend on its ility to produce coal from deep
mines. In this operation, the manpower problem will be a key fac-
tor. Developments of improved mining technology must be substan-
tially accelerated to offset the impact of the Coal Mine Health
and Safety Act of 1969 on existing production capacity. These
developments will have an even greater impact on the energy supply
during the 1985-2000 period when it may be necessary to reach
further into available coal reserves and to mine thinner seams
under deeper cover.

Underground mines in the United States employed 106,000 men
to produce 360 million tons in 1970. Production should reach 430
million tons per year by 1980. Assuming no further loss in aver-
age productivity during this period, there would be a need for a
net addition of 20,000 men. Moreover, the labor turnover in the
industry is high, so the total need for recruiting and training
will be substantially greater than this figure.

The need for trained new miners is a continuing problem.
Figure 17 shows the historical relationship of total mining em
ployment to the total U.S. labor force. The percentage of U.S.
employment devoted to mining is now at a very low level--less than
0.2 percent. It may be inferred that theoretically manpower
should not be a limiting parameter for the range of industry
growth rates used in this report. However, attraction of adequate
numbers of young workers into mining remains a problem, especially
in view of the Increasingly sophisticated equipment employed, which
raises the level of worker competence and training required.

Even more crucial is the shortage of professionally trained
people. In 1969, the total number of mining engineers in the
Industry was 3,300. Replacements and modest additions totaling
5 percent of the work force annually would require 165 new engi-
neers each year. However, only 20 colleges and universities in
the United States offer undergraduate degrees in mining engineer-
ing or related fields. In 1970, 132 mining engineers graduated
from these schools; 184 were scheduled to graduate in 1971.
According to the Engineering Manpower Commission Association, a
maximum of 722 mining engineers are expected to graduate (with
B.S. degrees) between 1971 and 1975 (145 per year).*

The percentage of technically trained manpower required
varies between regions and size of operations. A 2.0-percent to
2.5-percent range is representative now, but the percentage may
have to be increased as mining technology becomes increasingly

* Engineering Manpower Commission Association, Engineer Man-
power Bulletin (April 1967).



1.0

% COAL EMPLOYEES

L

% DERIVED BY DIVIDING
BITUMINOUS COAL EMPLOYEES BY
U.S. CIVILIAN WORK FORCE b
2 \
\
\/

o) | L1 | | | I | I | | | | | 1 | | | 1

1940 1945 1950 1955 1960 1965 1970

YEAR
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complex. On the basis of the 2.5-percent figure and a 5-percent
annual turnover caused by engineers leaving the coal industry,

the annual demand for engineers equals approximately 310 and will
grow in direct proportion to coal production. Thus, the potential
imbalance between supply and demand of these specialists Is a
significant problem. However, this imbalance, in itself, need not
limit the growth of the coal industry within the ranges projected
by this study. Additional engineers may be recruited from other
engineering disciplines (civil, electrical, etc.).

Restrictions on Surface Mining

The subject of future growth must be considered in light of
possible environmental restrictions on surface mining. This topic
was explored by the U.S. Bureau of Mines, and their findings are
included here iIn part.

Surface minable recoverable reserves were shown earlier to
approximate 45 billion tons. Practically, none of this coal can
be recovered by underground methods. A federal law prohibiting
all surface mining would thus result in elimination of all these
recoverable reserves from our U.S. energy supply. In 1970, sur-
face mining accounted for 264 million tons or 43.8 percent of the
total coal produced.
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Given that there are regional differences in surface minlng
methods, the reserves in various coal fields can be grouped to
evaluate the effect of proposed surface mining restrictions. |If
all contour mining were prohibited, for example, an estimated 4.4
billion tons of recoverable reserves would become unavailable for
production. If surface mining were prohibited in countries hav-
INng no previous record of surface mining, 10.4 billion tons would
become unavailable. This figure can be broken down as shown in
the following tabulation.

Rank Billions of Tons
Bituminous Coal 2.2
Subbituminous Coal 4.3
Lignite 3.9

Total 10.4

The impact on actual coal output under either of these two
assumptions would be major in the period prior to 1985, partic-
ularly as it affects supply for conventional markets. The com-
bined effect (total ban on surface mining) would reduce projected
coal output over 40 percent in each year studied and under each
supply case studied. Table 22 shows an estimate of contour and
area mining as a percentage of total surface mining by state in

TABLE 22
CONTOUR AND AREA MINING
AS A PERCENTAGE OF SURFACE MINING
(Surface Regions 1 Through 3)
Contour Area
(Percent) (Percent)
Region 1
Kentucky 20 80
West Virginia 90 10
Virginia 90 10
Tennessee 100 (0]
Region 2
Illinois 0 100
Ohio 25 16
Indiana 0 100
lowa (0] 100
Region 3
Pennsylvania 25 75
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TABLE 23
EFFECT OF CONTOUR AND TOTAL SURFACE
MINING CURTAILMENT?*
(Surface Regions 1 Through 3)
Millions of Tons
1975 1980 1985
Case |
Underground and Surface
Production (for Conventional
Domestic Use) 662 852 1,093
With Contour Mining Ban 592 748 961
With All Surface Mining Ban 395 497 641
Case 11/111
Underground and Surface
Production (for Conventional
Domestic Use) 621 734 863
With Contour Mining Ban 547 645 757
With All Surface Mining Ban 363 427 499
Case IV
Underground and Surface
Production (for Conventional
Domestic Use) 603 704 819
With Contour Mining Ban 524 613 710
With All Surface Mining Ban 351 413 480
* Production is for domestic conventional markets (see Table 1). A total ban of surface mining in
1970 would have reduced total production by 264 million tons.

surface Regions | through 3. Table 23 indicates the aggregate
effect of a contour mining ban in these surface regions for the
entire Case | through IV range of projected production levels.
Also shown is the effect of a total strip mining ban in these
regions.

Restrictions on Sulfur Content

No data are available on the sulfur characteristics of the
specific 150 billion tons of presently recoverable reserves listed
in Tables 7 and 8 (Chapter Three). However, limited information
is available on the u.S. coal resource base as a whole. According
to the Bureau of Mines, 46 percent (720,060 million tons) of the
Nation's total known coal reserves under less than 3,000 feet of
cover contain O.7-percent or less sulfur. Of this low sulfur-con-
tent coal, 93 percent is located in the states west of the Missis-
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sippi River. Thus, most of the Nation's low-sulfur coal is dis-
tant from the major demand centers in the East. In the eastern
states, 43 percent of the total reserves have sulfur contents of
over 3.0 percent, while only 11 percent contain O.7-percent or
less sulfur. Much of this 11 percent is low- or medium-volatile
coal and is used primarily as metallurgical coal--its character-
istics are such that it is not well suited for most existing power
generation plants. A large part of these low-volatile coal re-
serves are committed to steelmaking.

Tables 24 and 25 indicate the sulfur content of certain coal
reserves within less than 3,000 feet depth which have been mapped
and explored. States with the largest coal concentrations of 0.7-
percent or less sulfur content are listed in Table 26.

Existing and projected S02 emission regulations would pre-
clude use of even the lowest sulfur coals from substantial areas
in the United States. Clearly, the continued use of coal requires
technical solution of the S02 problem.

Availability of Adequate Transportation Systems

As indicated in Table 27, almost two-thirds of all U.S. coal
depends on rail movement, and one-fourth moves on waterways. How-
ever, the figures illustrated in Table 27 are not additive because

TABLE 24 TABLE 25
ESTIMATED REMAINING COAL RESERVES OF ESTIMATED REMAINING COAL RESERVES OF
ALL RANKS BY SULFUR CONTENT IN ALL RANKS BY SULFUR CONTENT IN STATES
THE UNITED STATES* EAST OF THE MISSISSIPPI RIVER*
Million Tons Percent Million Tons Percent
0.7% or Less Sulfur 720,060.0 46 0.7% or Less Sulfur 50,062 11
0.7% - 1.0% Sulfur 303,573.4 19 0.7% - 1.0% Sulfur 45,219 9
1.0% - 3.0% Sulfur 238,374.0 15 1.0% - 3.010 Sulfur 177,281 37
Over 3.0% Sulfur 314,159.0 20 Over 3.0% Sulfur 206,495 43
Total 1,576,166.4 100 Total 479,057 100
¢ AsofJanuary 1, 1965. ¢ Asof January 1, 1965.
TABLE 26 TABLE 27
STATES WITH LARGEST COAL CONCENTRATIONS MOVEMENT OF U.S. COAL PRODUCTION
OF 0.7-PERCENT OR LESS SULFUR (Million Tons)
State Million Tons Total U.S. Railroads Waterborne
i Cl I
Alaska 71.115.6 Production (Class 1) (All Typesl
Montana 154,298.9
’ 1965 520
New Mexico 38,735.0 353 142
Wyoming 35,579.7
1969 561 376 142
North Dakota 284,129.1
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a substantial amount of coal moves sequentially by rail and barge
or lake boat.

Railroad Transportation

Railroad transportation affects the supply of coal to the
consumer. The coal and railroad industries are greatly interde-
pendent as indicated in the following tabulation:

1965 1969
Total Coal Freight Revenue ($ Billion) 1,102 1,171
Coal as Percent of Total Freight (Revenue) 11.9 10.8
Coal as Percent of Total Freight (Tons) 25.4 25.6

No other commodity approaches coal as a source of rail freight
and revenue. During the last decade, the ratio of rail revenue to
mine value has declined from 0.72 to 0.62 due to introduction of
the "unit train™ concept, which has helped to increase efficiency
of car utilization. Because definitions of the term unit train
differ, it is impossible to state precisely what percentage of all
coal currently moves by this mode. The available figures vary
from one-third to one-half; hence, further increases in efficiency
can be expected.

In coal transportation by rail, the term "efficiency" relates
largely to utilization of hopper cars. While hopper cars spend
7.7 percent of their total time in line-haul service, this figure
is 13.4 percent for all other rail cars, and it is substantially
higher for unit trains which are specifically assigned to given
point-to-point movements. The need for further improvement in
utilization of hopper cars is emphasized by the ever present car
shortage. Because a majority of mines are not equipped to store
coal, lack of hoppers forces mines to close. Car population and
total car capacity in the 1965-1969 period are shown in the fol-
lowing tabulation:

1965 1969
Average Size of Cars (Tons) 65.6 71.9
Total Number of Cars 425,236 388,609
Aggregate Capacity (Million Tons) 27.89 27.95

Between 1965 and 1969, rail movement grew 7 percent, primarily
as a result of better utilization (longer line-haul service) of
cars.

To keep up with the growing demand for coal transport, the
fleet must be increased. Over $36 billion of new expenditures for
railroad plant and equipment IS necessary over the next decade.

Of this total, between %5 and $6 billion will be required for coal
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cars and associated motive power. However, coal transportation
rates must be adequate to generate the necessary return on invest-
ment for adding hopper car capacity.

Water Transportation

Water transportation is the second major mode of coal move-
ment. It includes movement in barges through rivers and canals,
lake shipment and coastal shipment. The total amount of coal
moved in 1968 was 156 million tons, including 14 million tons of
local shipment (shipments within the confines of a port) as well
as long-haul tonnage. The total may grow to 205 to 225 million
tons by 1980. Most of this increase will be on the rivers and
canals. Some 21 percent of the total waterborne coal in 1968 in-
volved joint rail/barge movements, and this increases to 31 per-
cent if the tidewater and lake ports are included. An efficient
system of handling coal between rail and water is important.

Water transport is relatively low in cost. Large-volume
barge movements cost approximately 2.5 mills per ton mile, while
the u.S. average barge cost is nearly 3.0 mills per ton mile.
These figures compare to 5 mills per ton mile for certain unit
tr%ijnhhalljls and about 10 mills per ton mile for the average rail
co aul.

Trends toward long-distance water transport are evident. Be-
tween 1965 and 1968, water transport grew 9.6 percent. Of this
growth, 38.5 percent involved tonnage which moved over 1,000 miles.
Thus, the waterways open markets for coal which otherwise would
remain beyond economic reach.

Technological improvement has increased the tonnage of indi-
vidual tows and brought the power of tow boats into the range of
oceangoing ships. Tows of 40,000 tons are becoming common on the
lower Mississippi, and tows of 36,000 tons have moved on the Ohio.
Positive action is required, however, to modernize and enlarge the
navigation system to cope with traffic which has reached the eco-
nomic capacity of certain gateways.

The most crucially overloaded locks are Numbers 50 through 53
on the lower Ohio River and Numbers 26 and 27 south of Alton,
Illinois, on the Mississippi. The following tabulation shows the
growth of aggregate transitting tonnage (in millions of tons per
year) at the Ohio locks Numbers 50 and 51.

1965 1970
Coal Tonnage 7.5 16.0
All Commodities 26.0 43.0

The estimated economic capacity of these locks is 40 million
tons per year. Construction of adequate new facilities has now
been Initiated but will take 5 years to complete. Thus, the growth
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of coal movement through this area will be constricted for some
years. Other segments of the river system are similarly affected.

A specific problem exists at the Hampton Roads, Virginia,
port where most of the exported U.S. metallurgical coal is loaded.
Total U.S. coal exports are projected to grow from 56 million tons
in 1970 to 120 million in 1985. Such expansion may require a com-
pletely new approach to the port problem or diversion to other
ports. Present draft limitations in U.S. East Coast harbors are
Inadequate for vessels over about 75,000 deadweight tons (DWT) ,
and some way must be found to accommodate larger vessels if U.S.
coal is to remain competitive in world markets.

_ For a more detailed discussion of coal transportation includ-
!Jnlg_; slurry pipelining in the Western United States, see Appendices

COAL SUPPLY FOR SYNTHETIC FUELS PRODUCTION

Resources Available and Probable Costs

The simplifying assumption has been made in this study that
all production of synthetic pipeline gas or synthetic liquid fuels
in the period to 1985 would come from the Nation's large surface
minable reserves in the West. Possible exceptions are not pre-
cluded, but it appears that the generally much lower cost of these
reserves would more than offset the greater cost of transporting
synthetic fuels to the centers of demand. The cost of pipelining
liquids of high-BTU gas is comparatively low.

The total amount of these reserves appears adequate to sup-
port even the highest rate of production of synthetics foresee-
able for the period in question.

The cost of these particular surface-mined coals should be
significantly below other U.S. coals because a large part of this
resource is known to exist in thick seams and under low overburden.
Recoverable reserves in the key western states amount to approxi-
mately 28 billion tons (see Table-8, Chapter Three, Regions 4, 5
and 6). Information on the overburden characteristics of western
coal iIs limited, but the information which is available shows a
total range of overburden/coal ratio for the three western regions
of up to 18:1 (see Appendix G . In all likelihood, the coals
needed to supply the projected synthetic fuel plants will not re-
quire mining at ratios above 7:1.

In order to determine the range of costs which might be in-
curred, a model of a surface (area) mine has been composed and the
cost of coal calculated as a function of the overburden/coal
ratio. Figure 18 shows the results of this evaluation for 10-
percent, |S-percent and 20-percent DCF rates of return.
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Figure 18. Western Surface Coa Value Analysis
(Constant 1970 Dollars).

Figure 19 shows that the impact of any variance in three
additional factors--hauling distance, seam thickness and invest-
ment--is not significant.

The unit value of coal supplied to the initial group of syn-
thetic fuel plants is likely to range between $2.75 and $4.00 per
ton. The likely range of "prices" can vary depending on seam
thickness and cost of reclamation. Legislation concerning the
latter is still in a state of flux. Table 28 illustrates the po-
tential impact of reclamation costs on the particular reserves
under consideration. Reclamation costs for eastern reserves are
much higher.

While cost per acre may be high, the reclamation cost will
not greatly affect the overall economics of synthetic fuel pro-
duction.
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TABLE 28
IMPACT OF COST OF RECLAMATION
IN WESTERN UNITED STATES
(Cents per Ton of Coal Mined)
Seam Approx. Reclamation Cost
Thickness Recovery (Dollars/Acre)
(Feet) (Ton/Acre) $500 $1,000 $1,500
5 9,000 5.6 11.2 16.8
10 18,000 28 5.6 8.4
20 36,000 1.4 2.8 4.2
Allocation of Western Surface-Mined Coal

100

To obtain an approximate distribution of western surface coal
by use, it has been assumed that western coal reserves would be
used in "standard-size" plants based on the following simplifying

assumptions:
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« Power generation: 1,000 MWe, 70-percent average |load
factor; heat rate--9,500 BTU's per KWH

e Synthetic gas plant: 250 billion BTU's per day, 90-per-
cent operating factor; thermal efficiency--67 percent

« Synthetic liquid fuel plant: 50 MB/D, 90-percent operat-
ing factor; thermal efriciency--72 percent.

To define the reserves which must be committed to these types of
units, it has further been assumed that each plant will have a
30-year life at full capacity and that the average BTU content of
the three types of coal reserves would be as follows:

e Bituminous coal: 11,500 BTU's per pound

e Subbituminous coal: 8,500 BTU's per pound

e Lignite: 6,750 BTU's per pound.

These assumptions result in the following tonnages of committed
reserves required for each plant (in millions of tons):

Plant Bituminous Subbituminous Lignite
1,000 MW _Power Plant 76 103 129
250 x 109 BTU/D Synthetic
Gas Plant 160 216 272
50 MB/D Synthetic Liquid
Plant 179 242 304

The western surface minable coal recoverable reserves are
arbitrarily assigned to such plants in Table 29. Western reserves
would be adequate over a 30-year period to supply coal to generate
46.5 million KW (at an average load factor of 70) pius the equiva-
lent of 4.73 TCF per year of pipeline gas (at 915 BTU's per cubic
foot) pius 2.64 MMBID liquids.* As will be shown, these levels
of production for synthetics will not be attained by 1985. In
fact, a large portion of these reserves will remain uncommitted
at that time. It is likely that only the more desirable part of
the reserves (thick seams and lower overburden/coal ratio) will
be used during the pre-1985 period.

The 28 billion tons considered in Table 29 were only the
measured and indicated part of the resource in the mapped and ex-

* Using 915 BTU's per cubic foot gas may be conservative.
Technological advance could be expected to increase this figure by
a small percent. Note that an increased BTU content of the gas
would result in a corresponding decrease in gas volume. Coal
requirements would remain the same.
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TABLE 29
ASSIGNMENT OF WESTERN SURFACE MINABLE COAL TO SUPPLY ELECTRIC POWER,
SYNTHETIC GAS AND SYNTHETIC LIQUIDS PLANTS

. . N
Recoverable Arbitrary Assignment

Coal Reserve Electric Synthetic Synthetic
State (Million Tons) Power Gas Liquid
Bituminous Coal (11,500 BTU/Ib)

Arizona 387 387
New Mexico 2,471 750 1,000 724
Utah 150 150
Colorado 500 250 250

Total 3,511 1,287 1,250 974
Number of Standard-Size Plants 16.9 7.8 54

Subbituminous Coal (8,500 BTU/Ib)

Wyoming 13,971 1,000 3,000 9,971
Montana 3,400 500 2,000 900
Washington 135 135

Total 17,506 1,635 5,000 10,871
Number of Standard-Size Plants 15.9 23.1 44 9

Lignite (6,750 BTU/Ib)

Montana 3,497 525 2,500 472
North Dakota 2,075 750 1,000 325
South Dakota 160 160 0
Texas and Arkansas 1,334 334 1,000

Total 7,066 1,769 4,500 797
Number of Standard-Size Plants 13.7 16.5 2.6
Total Number of Standard-Size Plants 46.5t 47.4 52.9

e The distribution used in this table does not imply any existing or intended commitment of reserves but recognizes certain
announcements of plans for synthetic gas and power plants and the suitability of various coals for these uses.

t The 46.5 million KW assumed to be supplied from this resource is shown on this table only to indicate that the conventional
market for coal, i.e., power generation, in this areawill have the needed reserves in addition to reserves for synthetics.

plored areas. The USGS suggests that a substantial amount of
similar coal could be found by further drilling, map‘oing and ex-
ploration. This would uncover new resources and would move "in-
ferred" deposits into the measured and indicated category. The
USGS figures presented in Table 30 give the percentages of mea-
sured and indicated reserves based on the total known coal re-
serves in the western states. These figures suggest a good chance
for success from an expanded exploration program.
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Bituminous Coal

Arizona
New Mexico
Utah
Colorado

Subbituminous Coal
Wyoming
Montana
Washington

Lignite
Montana
North Dakota

South Dakota
Texas & Arkansas

TABLE 30

MEASURED AND INDICATED RESERVES OF KNOWN
COAL RESERVES IN WESTERN STATES

Measured and | ndicated
Reserves as Percent of
Total Known Western Reserves

N.A.

34
29.0
16.5

24.8
17.6
24.3

17.6
10.3
N.A.
53.2
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Chapter Six
POTENTIAL FUTURE COAL UTILIZATION

USE OF COAL FOR POWER GENERATION

The use of coal In future power generation will depend on sat-
isfactory resolution of air pollution problems. For the near term,
this implies cleanup of the existing coal-fired plants which consti-
tute a large share of current installed capacity. For existing
stations, this cleanup requires add-on stack gas cleanup systems
except for those stations which can obtain low-sulfur fuels (in-
cluding low-sulfur fuels made from coal itself). For newly built
plants, stack gas cleanup must compete with alternate ways of con-
verting coal to electricity in a pollution-free manner. Appendix M
includes an in-depth discussion of the use of coal for power gener-
ation and is summarized below.

Stack Gas Cleanup

The latest authoritative review of this subject was prepared
in 1970 by an ad hoc panel of the National Academy of Science and
the National Academy of Engineering (NASNAE). The panel stated,
inter alia, that "commercially proven technology for control of
sulfur oxides from combustion processes does not exist" and that
"unless the necessary technology becomes available, the country may
have to choose between clean air and electricity."*

There is, however, a concerted effort under way at this time
to solve the problem. The U.S. Government, through the Air Pollu-
tion Control Office of the Environmental Protection Agency ]SEPA),
is planning to support scrubbing development with a total of $57.5
million between 1971 and 1975. To this can be added an unknown
amount spent by private industry. However, at least 2 to 3 years
will be required before operational results as well as the relevant
economics become clear. At that time, a better judgment of the vi-
ability of this technology can be made.

Although maximum immediate attention is being given to scrub-
bing of stack gases with various forms of lime, limestone and dolo-
mite, other more economic systems will probably follow. Several
alternatives are already under development, and the driving force
for research and development in this area is generally recognized.

The key problem for the next 5 to 10 years, in the words of

the NASNAE panel, is that "...care must be exercised...to insure
that realistic criteria and plans are adopted which can be imple-
mented in concert with the development of technology....There is

* NASNAE, Abatement of Sulfur Oxide Emissions from Stationary
Combustion Sources, Prepared by Ad Hoc Panel on Control of Sulfur
Dioxide from Stationary Combustion Sources (1970).
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a real danger that the public may be led to expect environmental
improvements at a rate that cannot be realized." Even if a com-
mercially proved process were available right now, it would take
many years to equip only the most important plants with cleanup
devices. The total installed fossil-fuel generating capacity is
around 250,000 MW. At a low average cost of $25 per kilowatt (KW)
for cleanup equipment, it would cost $3 billion to fit just half of
the U.S. stations with S02 removal systems. Obviously this re-
quires time.

The present status of stack gas cleanup is best. described by
reference to Table 31. It lists the scrubbing systems of commer-
cial size which have been built or which are contracted for instal-
lation in U.S. power stations at this time. As Table 31 indicates,
many of the planned systems will not be on stream until late 1972
or 1973. Thus, while there is considerable promise in many of
these programs, their specific potential cannot yet be evaluated.
In addition, an average cost associated with scrubbing is difficult
to estimate. For example, scrubbing systems will differ over a
very wide range because the problem of retrofitting an existing
plant varies significantly depending on site, type of plant and
load factor (which on individual generator sets may vary all the
way from 30 percent to 90 percent).

For stations which are initially designed for stack gas clean-
up, and where efficient removal of particulate matter is combined
with S02 cleanup, the costs of S02 remova are lower than for retro-
fitting of existing stations. The S02 removal problem is much more
difficult to solve on existing stations because they are often
cramped for space, disposal of waste sludge from the scrubbers is
very difficult, and operating factors are low. The latter is a
particular burden because the high cost of add-on scrubbing equip-
ment cannot be amortized over as many tons of coal as compared to
a new station.

Since over 5,000 MW have already been committed to stack gas
cleanup, this technique seems likely to emerge as one possible
answer to pollution control. However, plant design, location and
configuration may preclude retrofitting in some instances.

In the event that all stack gas scrubbing developments should
fail to satisfy air quality standards, either the direct use pf coal
in existing power stations will have to be reduced drastically or
else sulfur regulations will have to be relaxed.

Combined-Cycle Power Plant

Combined-cycle power plants are recelving increased attention.
Several U.S. utilities have announced their intent to install such
plants based on the desire to use clean fuel. The fuel, either gas
or low-sulfur oil, must be satisfactory for combustion in a gas
turbine. These plants are low in initial cost in comparison to
standard coal-burning steam-electric plants. They are thus espe-
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TABLE 31

SULFUR DIOXIDE REMOVAL SYSTEMS AT U.S. STEAM-ELECTRIC PLANTS*

Unit
Size
Power Station (Mw)
Limestone Scrubbing:
1. Union Electric Co., Meramec No. 2t 140
2. Kansas Power & Light, Lawrence Station No. 4 125
3. Kansas Power & Light, Lawrence Station No.5 430

4. Kansas City Power & Light, Hawthorne Station NO. 3 100
5. Kansas City Power & Light, Hawthorne Station NO. 4 100
6. Kansas City Power & Light, Lacygue Station 800
7. Detroit Edison Co., St. Clair Station No.3 180
8. Detroit Edison Co., River Rouge Station No. 1 265
9. Commonwealth Edison Co., Will County Station No.1 175
10. Northern States Power Co., Sherburne County
Station Minu. No. 1 700
11. Arizona Public Service, Chella Station Co. 115
12. Tennessee Valley Authority, Widow's Creek
Station No. 8 550
13. Duquesne Light Co., Phillips Station 100
14. Louisville Gas & Electric Co., Paddy's Run Station 70
15. City of Key West, Stock Island 37
16. Union Electric Co., Meramec No. 1 125
Sodium Hydroxide Scrubbing Installation:
1. Nevada Power Co., Reed Gardner Station 250
Magnesium Oxide Scrubbing Installations:
1. Boston Edison Co., Mystic Station No. 6 150
2. Potomac Electric Power, Dickerson No. 3 195
Catalytic Oxidation:
1. Hlinois Power, Wood River§ 100

" Federal Register, Vol. 37, No. 55 (March 21,1972), p. 5768, updated.

t Now abandoned.

F oil-fired plants (remainder are coal-fired) .

8 Partial EPA funding.

Designer S02
System

Combustion Engineer
Combustion Engineer
Combustion Engineer

Combustion Engineer
Combustion Engineer
Babcock & Wilcox
Peabody

Peabody

Babcock & Wilcox

Combustion Engineer
Research Cottrell

Undecided

Chemico

Combustion Engineer
Zurn

Combustion Engineer

Combustion Equipment
Associates

Chemico
Chemico

Monsanto

New or
Retro- Scheduled
_fi_t _ Start-Up
R September 1968
R December 1968
N December 1971
R Late 1972
R Late 1972
N Late 1972
R Late 1972
R Late 1972
R February 1972
N 1976
R December 1973
R 1974-1975
R March 1973
R Mid-Late 1972
N Early 1972
R Spring 1973
R 1973
R February 1972
R Early 1974
R June 1972

Anticipated Efficiency
S02 Removal

Operated at 73% Effi-
ciency During EPA Test

Operated at 73% Effi-
ciency During EPA Test

Will Start 65% & Be Up-
graded to 83%

Guaranteed 70%

Guaranteed 70%

80% as Target

90% as Target

90% as Target

Guaranteed 80%

Guaranteed 80%
Guaranteed 80%
Guaranteed 85% Removal
80% as Target

Guaranteed 90% S02
While Burning | % SCoal

90% Target
90%

Guaranteed 85% S02 Removal



cially desirable for so-called intermediate load, or cycling power
generation.

This type of load represents a large share (35 to 40 percent)
of total load. With increasing use of nuclear plants for base-load
generation, the combined-cycle can be expected to supply an increas-
ing part of the fossil-fueled power load if suitable clean fuels
can be made available at a competitive price. This means that in-
creased efforts will be warranted to learn how to use coal synthet-
ics in these plants.

Combined-cycle plants can be coal fired either by converting
coal to low-BTU gas (175 BTU per cubic foot) in the power plant
proper, or by conversion at mine mouth to higher-BTU gas or low-
sultur liquid for distribution to the plants by pipeline. The
transportation of low-BTU gas by pipeline is uneconomical, except
for very short distance movements. Moreover, all of these possi-
bilities will require additional research and development.

At the present time, a 172 W coal-fired combined-cycle plant
is under construction in Germany, and it will be watched with a
great deal of interest by the U.s. power industry. This plant will
convert coal to low-BTU gas at the plant site itself. Although
the plant will not have sulfur removal, the designer feels that
conventional washing processes can be used to remove the H2S from
the gas.

Essentially all segments of the technology to be employed at
this plant are commercially proved, and the plant is expected to
be at least competitive with a plant of ordinary design. However,
with the addition of established sulfur removal, it would be pol-
lution-free. The real promise inherent in the combined cycle lies
in the potential future increases in gas turbine inlet temperature,
which should lead to higher plant efficiency. With vigorous de-
velopment which the system merits, it could begin to make an ap-
pearance in the United States toward the end of the |IS-year pro-
jection period.

Implications Concerning Alternative Uses of Coal in Power Generation

Without speculating on the relative commercial buildup rates
of the alternate methods by which coal may be used in pollution
free power generation, the particular requirements of individual
power plants will dictate which route appears most suitable. Re-
gardless of the route chosen--whether it involves stack gas clean-
up, gasification (high- or low-BTU gas) or liquefaction, or whether
it is based on conventional stearn-electric or combined-cycle power
plants it will affect the overall U.S. energy balance as a result
of the somewhat different overall efficiency of conversion from
coal to electricity. Demand for complete freedom from pollution
will cause this overall power plant efficiency to decline sharply.
The extent of this decline and the resulting additional demand for
coal is not known at this time.
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USE OF COAL FOR SYNTHETIC PIPELINE GAS

Interest in the use of coal for synthetic pipeline gas has
grown in recent years, and hence the task group has examined the
present state of the art. Coal can, of course, be "converted" to
gas most efficiently by direct replacement of natural gas in all
those applications where coal can be used, notably in boilers and
power stations. However, proved technology is currently available
to convert coal to pipeline gas, although at a somewhat reduced
heat content. Coal-based gas will contain from 900 to 925 BTU's
per cubic foot compared to 1,025 to 1,050 BTU's per cubic foot for
natural gas.

A satisfactory process of manufacturing synthetic gas from
coal is presently available for commercial use. Developed over
30 years ago by Lurgi G.m.b.H. of Germany, this process has been
in commercial use ever since. Although the demonstration of the
important methanation step needed to raise the BTU content of the
gas is not yet complete, a project working toward this goal is
currently in progress. Thus, no delay is required due to a lack
of technology. In any event, the Lurgi process is particularly
suited for non-caking or mildly caking coals and requires a feed
size generally above 1/4 inch. Therefore, most western and mid-
western coals which are in relative abundance can be used, and
strip mining generally minimizes the production of minus 1/4 inch
size to the point where the amount of fines is just adequate for
the auxiliary boiler needed to make process steam.

The Coal Task Group, in analyzing the future potential of coal-
based synthetic pipeline gas, concluded that neither technological
considerations nor the adequacy of supply of feedstocks would be
major factors affecting the growth of synthetic gas production.

The buildup rate would, in fact, be primarily influenced by econom-
ic or other considerations.

The task group's analysis of the potential growth of synthetic
pipeline gas from coal involved two separate praisals, conducted
approximately 1 year apart. The task group's Initial Appraisal
resulted in an estimate of a possible "maximum" growth potential
and the associated capital required to support that possible accel-
erated growth.

The projections from the Initial Appraisal, reflecting this
maximum buildup rate, are presented in Table 32. It should be
noted that these figures represent the maximum amount of capacity
that could be added without regard to economic considerations with
the further assumption that a full program is begun immediately,
utilizing the existing technology.

As Table 32 indicates, cumulative capacity of coal-based syn-
thetic pipeline gas, under the assumptions given, was projected to
be some 3.0 TCF per year by 1985. This would be approximately the
equivalent of some 36 plants, each producing 250 million cubic
feet per day (MMCF/D). The total cumulative capital investment
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TABLE 32

POTENTIAL GROWTH OF SYNTHETIC PIPELINE GAS FROM COAL*
(Initial Appraisal)

Millions of Dollars Invested

Capacity Added Cumulative Carcity Strip Total Total

(TCF/Yr.) (TCF/Yr. Plant Minest in Year Cumulative
1975 0.08 0.08 210 40 250 250
1976 0.16 0.24 420 80 500 750
1977 0.16 0.40 420 80 500 1,250
1978 0.25 0.65 600 120 720 1,970
1979 - 1985 0.33+ 3.0 800+ 160+ 960+ 8,690

» Assumes existing technology and immediate accelerated rate of buildup.
t Total mining capacity (strip) in 1985: 225 to 250 million tons per year (8 to 9 billion tons reserves!.
¥ Each year.

deemed necessary to arrive at that capacity level was expected to
be some $8.7 billion.

However, it should be re-emphasized that these maximum growth
projections in the Initial Appraisal were made without regard to
economic considerations. The task group thus concluded that with-
out substantial changes in the current economic climate, the accel-
erated bUildup rate suggested in Table 32 would be very difficult,
If not impossible, to achieve. In light of this, a more moderate
buildup rate was projected. As a result, cumulative capacity of
coal-based synthetic gas was projected to be 0.18 TCF per year by
1980 and 0.54 TCF per year by 1985.

In its second and final appraisal, the task group developed
a range of prospective bUildup rates of synthetic gas production.
']{hlrle‘e cases in all were developed, and they are presented as
ollows:

« Case I: A maximum rate of buildup under special conditions
and appropriate special policies

e Cases Il and Ill: A rapid but practical buildup rate

« Case IV: A minimum rate of buildup which can be foreseen
on the basis of current economics.

Table 33 illustrates the growth of capacity for these three cases.

Although the Case | projections are similar to the "maximum"
projections indicated in the Initial Appraisal, they are, however,
correspondingly less. This principally is a reflection of de-
creased optimism on the part of the Coal Task Group over the inter-
vening time period concerning the ability of the coal gasification
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TABLE 33

INSTALLED CAPACITY OF SYNTHETIC GAS FROM COAL
(TCF per Y ear-90-Percent Operating Factor)

Cee 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
I 0.08 0.16 0.28 0.40 0.56 0.80 112 1.52 2.00 2.48
(i 0.08 0.12 0.16 0.24 0.36 0.52 0.68 0.84 1.08 131
Iv* 0.18 0.54

« This case is the same shown in the Initial Appraisal. See: NPC, U.S. Energv Outlook: An Initial Appraisal 1971-1985. Vol. Il
(November 1971), Table LV, p.81. In that table, tOlal SNG amounted to 0.91 TCF per year in 1985- 0.37 TCF per year produced from
naphtha and 0.54 TCF per year from coal.

industry to increase its capacity at the accelerated rate suggested
earlier. The task group considers this somewhat less accelerated
buildup likely even if the industry were operating under special
conditions and with appropriate special policies.

Under the assumption that a plant of 250 MMCFD capacity
produces 0.082 TCF per year at a 90-percent operating factor, the
maximum case (Case 1) would require a total of 30 plants of the
above capacity in operation by 1985.* The rate of addition at the
end of the period would reach six plants in 1 year, requiring about
$1.5 billion (constant 1970 dollars) per year in new investment.

The ability to construct plants at this rate can probably be
measured best by considering the implied total annual investment
and by relating it to other construction or to the capacity of the
U.S. construction industry as a whole. One 250 MMCFD plant has
been estimated to cost in excess of $250 million. This figure is
comparable to an 800 MW power plant. There will probably be some
50,000 mw (equivalent to 63 plants of 800 Mw capacity) added
annually to U.S. power generation facilities during the pre-1985
period. By comparison, the suggested construction of six synthetic
gas plants per year by 1985 appears very reasonable. It has been
recognized, however, that different types of construction may be
involved in this comparison.

At the end of the period, the cumulative investment for the ,
total period for Case | (in constant 1970 dollars) would be approx-
imately $7.5 billion. The slower buildup indicated by Cases Il and
I1l, by comparison, suggests a total of 16 plants of the 250 MMCFD
size by 1985 with cumulative investment reaching $4.0 billion. At
the end of the period, increased capacity would be added at the
rate of three plants per year. Case IV is identical to the Initial
Appraisal projection.

* For simplicity it was arbitrarily assumed that a 250 billion
BTU/day plant is comparable to a 250 MMCFD plant.
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Coal Reguirements for Synthetic Gas

The annual tonnage required for one coal gasification plant
for the three types of coal involved, based on 230 MMCFD of pipe-
line gas, is as follows:

* Bituminous coal (I11,SOO BTU/Ib)--S.3 million tons
* Subbituminous coal (8,SOO0 BTU/Ib)--7.2 million tons
« Lignite (6,7SO BTU/Ib)--9.I million tons.

In Table 34, the potential number of plants has been assigned
for the principal supply cases to the three types of coal in the
various states. The number of plants is lower in all instances
than that showing in Table 29 (Chapter Five), illustrating again
that coal reserves are adequate.

TABLE 34

DISTRIBUTION OF COAL GASIFICATION PLANTS IN 1985

Case | Cases 11 /111 Case |V
No. of No. of No. of
Plants TCF Plants TCF Plants TCF

Bituminous Coal
New Mexico 4.0 0.33 4.0 0.33 2.0 0.16

Subbituminous Coal

Wyoming 7.0 ().58 34 0.28 21 0.18

Montana 6.4 0.53 3.0 0.25 1.0 0.08
Lignite

Montana 8.0 0.66 3.6 0.29 0.0 0.00

North Dakota 4.6 0.38 20 0.16 15 0.12

Total 30.0 2.48 16.0 131 6.6 0.54

Table 3S indicates the annual coal requirement for synthetic
gas plants for the various cases.
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TABLE 35
ANNUAL COAL REQUIREMENT FOR SYNTHETIC GAS PLANTS IN 1985

Case | Cases II/111 Case IV
No. of Million No. of Million No. of Million
Plants Tons/Yr. Plants Tons/Yr. Plants Tons/Yr.
Bituminous Coal 4.0 21 .2 4.0 21.2 2.0 10.6
Subbituminous Coal 13.4 96.5 6.4 46.1 31 22.3
Lignite 12.6 114.7 5.6 51.0 1.5 13.7
Total 30.0 232.4 16.0 118.3 6.6 46.6

Economics of Coal Gasification

In its Initial Appraisal, the Coal Task Group conducted an
economic analysis of the Lurgi coal gasification process and sub-
sequently developed an order-of-magnitude cost of gas. A utility-
type calculation was performed based on a coal gasification plant
operating at a capacity of 270 MMCFD and producing 900 BTU's per
Cl;gic foot gas. The results of this calculation are presented in
Table 36.

TABLE 36

COST OF COAL BASED SYNTHETIC PIPELINE GAS
(Initial Appraisal)

Annual Operating and Capital Costs

of Synthetic Gas Plant* Cost per Million BTU's of Gas
Cost of Coalt $ 17,900,000 22.2¢
Operating Cost 16,100,000 20.0
Capital Charge* 37,700,000 46.7
Total $ 71,700,000 88.9¢

*  Assumes 1970 investment and operating costs.
t Assumes western strip-mined coal at $0.15 per million BTU's converted to gas at 68-percent thermal efficiency.

F Computed at 18 percent of the rate base.

The feedstocks expected to be used in this plant are western
surface coals, which are estimated to range from $2.75 to $4.00
per ton (in constant 1970 dollars) through 1985. The range of BTU
levels involved (13.5 million BTU's per ton to 23.0 million BTU's
per ton) indicates a possible range of $0.12 to $0.30 per million
BTU's for coal feedstocks. The actual range, however, is likely
to be narrower because the low-BTU lignites are likely to fall into
a lower "price" range.
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The particular results shown in Table 36 were obtained by
using a lower cost coal ($0.IS per million BTU's). Calculations
indicate that the variations in the cost of coal will cause the
cost of synthetic pipeline gas to vary from approximately the
$0.90 (shown in Table 36) to $1.10 (constant 1970 dollars) per
million BTU's at a western plant site (see Appendix N).* Should
this gas be pipelined to the Midwest, the pipelining charges could
add an additional $0.20 to $0.30 per million BTU's for a delivered
city gate gas cost of about $1.10 to $1.40.

It is important to emphasize that the Initial Appraisal cal-
culations were performed in 1970 and thus assumed investment and
operating costs applicable at that time. However, during the period
following the Initial Appraisal, the rapid inflation and increased
demands for environmental protection have resulted in a major in-
C{ease in the investment and operating costs of synthetic gas
plants.

Following construction and beginning commercial operation of
a coal gasification plant, there should be no significant variation
in the cost of gas other than that resulting from variations in the
cost of coal. There is essentially no supply elasticity involved
in building a series of identical gasification plants. However,
in the post-198S period, following development and commercial oper-
ation over a number of years, the cost of gas (in constant 1970
dollars) will probably decrease by roughly 2 to S percent per year
as design and operating improvements are developed from the commer-
cial operations and from continuing research, i.e., from the
"learning curve."

At present, several new gasification processes have already
reached the pilot plant stage of development. These new processes
offer potential savings in plant investment from IS to 20 percent.
While the savings appear greater when one considers solely the pro-
cess plant proper, there are maor segments of overall plant cost
which remain unaffected by selection of process. As a result, new
processes which may become commercially available at the middle of
the |IS-year projection period offer savings between $0.08 and
$0.12 per million BTU's in the price of synthetic gas.

Some $80 million will be spent on these pilot plants, and it
will then be necessary to demonstrate the new technology in a plant
representing a single full-size reactor train. Such a unit will
cost $100 million. The incentive for such a development is ample--
iIf synthetic gas were to supply 3 TCF per year at the end of the
period (10 percent of expected demand) and the new development
werl?_ to save $0.10 per million BTU's, the annual saving is $300
million.

* The costs indicated here and in Appendix N were calculated
on a utility financing basis. On the basis of a |S-percent DCF
rate of return on investment, the cost of coal-based synthetic
pipeline gas was calculated to be $1.20 per million BTU's.
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USE OF COAL FOR SYNTHETIC LIQUID FUELS

The problem of liquefaction differs from that of gasification
because an acceptable technology for liquefaction has yet to be
proved. Coa liquefaction was practiced in Germany prior to World
Wa 11, but the technology is not considered economically viable
in the United States today. The rate of buildup of a synthetic
liquid enterprise in the United States is therefore dependent on
the rate at which technology is developed.

Production of synthetic liquid fuels from coal will depend
primarily upon development of new technology in hydrogenation of
coal or coal-derived intermediates and in production of hydrogen,
also from coal or coal derived material. The hydrogen is produced
substantially by the same process as that used for production of
pipeline gas, and the demonstrated technology presently available
Is sufficiently close to new alternates to serve for an appraisal
of the subject.

The hydrogenation step proper has been under development inter-
mittently ever since World War Il when some 100 MB/D of liquid fuels
were produced from coal in Germany. Several significant improve-
ments have since been tested which would be required to bring coal
liquefaction within reach of practical economics under U.S. con-
ditions. The key step involves the use of efficient catalysts un-
der the high pressures needed for the process. The so-called ebul-
lating bed reactor appears to offer the best hope, and this has
been evaluated by Hydrocarbon Research, Inc. (For detailed infor-
mation, see Appendix O.)

As with coal gasification, the Coal Task Group conducted two
separate appraisals of the future potential of coal liquefaction
in the United States. Table 37 shows the results of the task group's
Initial Appraisal. Specifically, this table illustrates two possi
ble coal liquefaction buildup rates (conservative and accelerated)
and their associated capital requirements to the year 1985.

In its second and final appraisal, the task group developed
a series of possible growth cases (three in all) which represented
a reasonable range of buildup rates and subsequently described the
assumptions used for each case.

The buildup under Cases Il and Ill, shown in Table 38, is
based upon the assumption that, after 2 years of research and de-
velopment effort, a prototype, semi-commercial plant will be built.
This plant will take 5 years to build and successfully operate.

The initial plant will be followed by a small commercial plant of
30 MB/D capacity 4 years later. Thus, the first plant would become
operational 11 years from the start of the research and development
program. Subsequent buildup could then follow as shown in Table 38.
This buildup reflects a moderate growth, assuming a reasonable in-
centive for buildup of domestic liquid fuel sources. It is, of
course, possible to visualize faster buildup under greater economic
incentives of new government policies, but only after technology
has been established.
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TABLE 37

SYNTHETIC LIQUIDS FROM COAL*
(Initial Appraisal)

Millions of Dollars Invested

Capacity Added Cumulative Capacity Strip Total Total
(MB/D) (MB/D) Plant Minest in'Year Cumulative
Assumes New Technology Available in 1978 and Conservative Rate of Buildup
1981 30 30 200 20 220 220
1985 50 80 320 35 355 575
Assumes New Technology Available in 1977 and Accelerated Rate of Buildup
1980 50 50 320 50 370 370
1981 100 150 600 100 700 1,070
1982 100 250 600 100 700 1,770
1983 200 450 1,100 200 1,300 2,070
1984 200 650 1,100 200 1,300 3,370
1985 200 850 1,100 200 1,300 4,670

* Compare these capi

capacity is expected to grow from 340,000 MW in 1970 to 977,000 MW in 1985. At $200 per KW installed cost, the

capital requirements will

t Total mining capac
bill ion tons reserves!.

tal requirements with those needed for expansion of power generation capacity: The total

grow from about $6 billion in the beginning of the period to $12 billion in 1985.
ity (strip-accelerated buildup) in 1985: 140 million to 150 million tons per year (5 to 6

Y ears Elapsed
from Start of
R&D

15
16
17
18

19

TABLE 38

COMMERCIAL COAL LIQUEFACTION
PLANT BUILDUP - CASES 11111

Total Capacity

Plant Addition in Operation
(MB/D) (MB/D)
50 80
100 180
100 280
200 480
200 680

Table 39 portrays the various cases (Case |--maximum incentive;

_Cases Il and 11

I --a moderate buildup; and Case IV--no incentive,

i.e., no commercial liquefaction of coal during the period to 1985).
The maximum case differs from Cases Il and IlIl by assuming that a
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TABLE 39

BUILDUP OF SYNTHETIC LIQUIDS FROM COAL
(MB/D)

1977 1978 1979 1980 1981 1982 1983 1984 1985
Case | 30 30 30 80 130 180 280 480 680
Cases I1/111 30 30 30 30 80
Case IV (0]

"high risk"” 30 MB/D plant will be placed on-stream in 5 years, to
be followed by three 50 MB/D plants 3, 4 and 5 years later, with a
buildup reaching 200 MB/D per year at the end of the period.

The Case | buildup shown in Table 39 is at least 1 year behind
the schedule suggested as a possible accelerated buildup in the
Initial Appraisal. The slippage reflects the lack of activity in
major liquefaction development during the intervening time period.
The Case | growth rate requires a virtual immediate decision to
proceed with a 30 MB/D commercial demonstration plant in spite of
the high technical risks involved. Such a decision would require
policies other than those prevailing today.

Economics of Coal Liguefaction

The principal examination of liquefaction economics was con-
ducted by the Coal Task Group in its Initial Appraisal. Specifical-
ly, the task group selected a liquefaction process under develop-
ment by Hydrocarbon Research, Inc., to evaluate the costs of pro-
ducing synthetic crude from coal. This process was judged to be
competitive with other processes under development, and published
information was available on experimental results and on engineer-
ing design of a commercial plant.

The results of the task group's economic evaluation indicated
that such a process which includes the manufacture of hydrogen from
coal would require a total investment ranging from $6,000 to $8,000
per daily barrel of synthetic crude. Initially, at the 30 MB/D to
5 MB/D scale, investment would be some $7,400 per daily barrel,
and later, at the 200 MB/D level, this figure would decrease to
$6,500 per daily barrel. The resulting cumulative investment for
Case | would amount to some $4.58 billion by 1985, and the total
for Cases Il and 11l would be approximately $592 million.

Assuming a feedstock of bituminous coal at $6.50 per ton
($0.27 per million BTU's) and considering a 10-percent DCF rate of
return on investment, a cost from the first plant of $7.50 per
barrel of synthetic liquid (syncrude of approximately 32°APl grav-
ity) is indicated. However, using western surface-mined coal,
which is expected to range from $2.75 to $4.00 per ton (in constant
1970 dollars) through 1985, results in a reduced cost for synthetic
crude varying between $6.25 and $6.75 per barrel at the western
plant gate. At a |I5-percent DCF rate of return (again assuming
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western surface-mined feedstocks), the resulting cost of synthetic
crude should vary between $7.75 and $8.25 per barrel. It should
be noted, however, that the lower cost associated with western
surface-mined coal is offset by generally lower coal quality.

Plant size, too, has some effect on the ultimate cost of synthetic
crude. For example, the above calculations were based on a 30 MB/D
commercial demonstration plant. For operations exceeding 100 MB/D,
a reduction of $0.50 per barrel can be expected. It was the con-
clusion of the task group, however, that once the liquefaction pro-
cess is developed and applied in large plants on western strip coal,
costs in the range of $6.00 to $6.25 per barrel can probably be
reached.

A more limited objective considered by the task group was the
possible conversion of high-sulfur coal to low-sulfur heavy fuel
oil for power plant use. Hydrogenation of coal removes a substan-
tial amount of sulfur while the coal substance is liquefied. A
process can probably be developed, and preliminary estimates sug-
gest a cost of $4.50 to $5.50 per barrel for a fuel oil of approx-
imatelﬁ OOAP gravity containing 0.3- to 0.5-percent sulfur. This
could be of considerable import within the next 1S-year period.

Coal Requirements for Synthetic Liquids

If the western surface coal reserves suggested in Table 29
(Chapter Five) were totally committed, they could provide sufficient
feedstocks for 52.9 synthetic liquid plants, each producing 50 MB/D.
Given that Case | indicates the equivalent of 13.6 plants and Cases
Il and 11l indicate only 1.6 plants by 1985, the available supply
of coal thus appears to be quite adequate for the suggested buildup.
fThlel annual coal tonnage required for each 50 MB/D plant is as
ollows:

* Bituminous Coa (11,500 BTU/Ib)--6.0 million tons
* Subbituminous Coal (8,500 BTU/Ib)--8. million tons
* Lignite (6,750 BTU/Ib)--10.I million tons.

TABLE 40
ASSUMED DISTRIBUTION OF COAL LIQUEFACTION PLANTS IN 1985
Case | Case 111111 Case IV
No. of No. of No. of
Plants MB/D Plants MB/D Plants MB/D
Bituminous Coal
New Mexico 1.6 80 0.6 30
Subbituminous Coal
Wyoming 10.0 500 1.0 50
Montana 2.0 100
Total 13.6 680 1.6 80 None None
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In Table 40, the potential number of plants is assigned for
the principal supply cases to the three types of coal in the vari-
ous states.

TABLE 41

ANNUAL COAL REQUIREMENT FOR SYNTHETIC LIQUID PLANTS IN 1985

Case | Case /111 Case IV
No. of Million No. of Million No. of Million
Plants Tons/Yr Plants Tons/Yr Plants Tons/Yr
Bituminous Coal 1.6 9.6 0.6 3.6
Subbituminous Coal 12.0 97.2 1.0 8.1
Total 13.6 106.8 1.6 11.7 None None

Table 41 shows the annual coal requirements for the assumed
set of synthetic liquid fuel plants for Cases | through IV.

TABLE 42

CUMULATIVE CAPITAL REQUIREMENTS FOR
COAL-BASED SYNTHETIC GAS
AND LIQUID PLANTS
(Millions of Dallars)

Cae |
Synthetic Gas Plants' 1,700 7,500
Synthetic Liquid Plantst 590 4,500
Associated Mine Investment* 387 2,030
Total 2,677 14,030

Cases 11111

Synthetic Gas Plants 1,100 4,000
Synthetic Liquid Plants 590
Associated Mine Investment 187 780
Total 1,287 5,370

Case |V
Synthetic Gas Plants 550 1,650

Synthetic Liquid Plants

Associated Mine Investment 108 280
Total 658 1,930

* Bads  $250 million per standard-size plant.
t Bads: $7,400 per BIDfirst 80,000 Bl D; $6,500 per Bl D above initia 80,000 BID.

¥ Bads  $6.00 per annual ton of surface mine capacity.
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U.S. CAPABILITY TO BUILDUP RUELS INDUSTRY

The total investment, on a cumulative basis, for plants and
associated mines for Cases | through IV is shown in Table 42.

The annual investment rate in 1985 for Case | would be about
$3 billion or approximately one-third of the total 1970 investment
rate of the chemical and petroleum industries combined. While no
detailed study has been made, such a rate of investment in 1985
appears to be feasible.
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The following appendices consist of 11 individually prepared papers which
were submitted by task group members and other experts to complement the task
group's in-depth assessment of coal as a major energy form. Because of the
valuable findings in these papers, the task group decided to include them to
enhance the reader's understandin% of this important energy resource. By con-
sulting these papers, it is also hoped that the reader will be given an addi-
tional insight into the rationale on which many of the statements made in the
Coal Task Group report were based.

It should be recognized that the majority of these papers have been edit-
ed and in some cases reorganized for clarity of presentation. However, every
effort has been made to keep their principal themes intact. These papers do
not necessarily reflect the views of the National Petroleum Council.

The task group would like to express their gratitude to those non-members
who have contributed their time and effort in preparing these papers.

Appendix E= U.S. Coal Consumption and Exports--V. M. Johnston, Manager, Eco-
nomic Services, Island Creek Coal Sales Company

Appendix F: Coking Coal Requirements--D. T. King, Director, Coal Preparation
and Dlstribution, U.S. Steel Corporation

Appendix G Coal Reserves of the United States--J. A. deCarlo, U.S. Bureau of
Mines; W. A. Crentz, Assistant Director, U.S. Bureau of Mines

Appendix H: Selected U.S. Coa Industry Statistics--1960-1969--W. L. Kurtz,
Director, Economics and Statistics, National Coa Association

Appendix I: An Economic Model of the U.S. Coal Industry--J. A. Sittner, Staff
Mining Engineer, Gulf Mineral Resources Company

Appendix J; Rail Transport of Coal--J. N. Martin, R. L. Banks & Associates,
Inc., Transportation Consultants

Appendix K: Water Transport of Coal--M. J. Barloon, Professor of Economics,
Case-Western Reserve University

Appendix L: Coal Slurry Pipelining in the Western United States--E. J. Wasp,
Manager, Solids Pipeline Department, Bechtel Corporation

Appendix M: Electric Power Generation from Coal--J. N. Landis, Consultant,
Bechtel Corporation

Appendix N: Manufacture of Pipeline Gas from Coal--G. T. Skaperdas, Manager,
Process Development, The M. W. Kellogg Company

Appendix 0: Manufacture of Hydrocarbon Liquids from Coal--B. L. Schulman, Syn-

thetic Fuels Development; H. M. Siegel, Manager, Synthetic Fuels
Development, Esso Research and Engineering
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APPENDIX E
U.S. COAL CONSUMPTION AND EXPORTS
OVERVIEW

Demand for coal as projected in this Appendix includes the
conventional consuming sectors and exports but does not include
demand for conversion to synthetics. Requirements for manufactur-
ing gas and Ii?uids are treated in later appendices. Domestic plus
export demand for U.S. bituminous coal is shown in Table E-I.

TABLE E-I

U.S. BITUMINOUS COAL CONSUMPTION (AND EXPORTYS)
(Millions of Net Tons)

1970 1975 1980 1985

For Blast Furnaces 86 102 110 116
For Foundries and Misc. 10 10 10 10
Total for Coking 96 112 126
Residential/Commercial 10 7 3
I ndustrial 91 87 80
Electric Utility 322 415 654
Total Domestic 519* 621 734 863
Export Metallurgical 56 76 94 120
Export Steam 15 16 17 18
Total Export 71 92 1 138
Total Domestic Plus Export 590 713 845 1,001

* The 1970 domestic consumption figure was obtained
from the U.S. Bureau of Mines, "Production of Coal--Bitu-
minous and Lignite--1971," Mineral Industry Surveys, Week-
ly Coal Report #2789 (February 26, 1971).

« The projection for blast furnace use through 1985
was provided by the U.S. Steel Corporation (see
Appendix F).

» The projection of 10 million tons a year for foundry
coke and miscellaneous was based on data in the
Bureau of Mines report, Coke and Coke ChemicaZs
(December 1970). The opinion was that this will
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hold about even with losses in some markets to be
offset by gains in foundry coke and other special
uses.

 The residential/commercial market shows a diminish-
ing demand for coal as indicated by the 70-percent
decline in demand from 1970 to 1985. Bureau of Mines
data over several years support this trend.

* Industrial use reflects a declining trend of some 12
percent over the next 15 years. This market (as
reflected by Bureau of Mines Weekly Reports and
Quarterly Distribution Reports) has been declining
modestly since 1966. A reversal in this trend was
recorded in the final quarter of 1970, and, while
the industry is hopeful of a continuation of this
upward trend, a decline was nevertheless projected
in the interest of conservatism.

« The most important factor in determining coal demand
for electric utilities through 1985 is the proportion
of capacity and generation assigned to nuclear fuels.
There is little doubt that combined nuclear generation
and coal usage will increase in a quantity to support
these projections, dependent upon the proportion as-
signed to each. Chairman John N. Nassikas of the
Federal Power Commission estimates that coal and
nuclear use, in tons of coal equivalent, will grow
by some 900 million tons between 1970 and 1985.* A
growth of 332 million tons has subsequently been
assigned to bituminous coal between 1970 and 1985.

 Exports are also included to indicate the total
demand on the industry and to provide a basis to
measure capacity to perform in meeting U.S. demands.

As indicated in Table E-I, a production level of 863 million
tons is required in 1985 to satisfy domestic demand. This repre-
sents an increase of 66 percent over the |5-year period--approxi-
mately a 3.5-percent growth rate compounded annually. Demand for
export coal shows an even more rapid growth rate--4.5 percent per
year through 1985.

Table E-lI further illustrates that, in 1970, 83 percent of
total demand (domestic demand plus exports) involved only two mar-
kets--coke production and electric power generation. These two
uses are expected to represent 92 percent of total demand by 1985,
assuming no conversion of coal to either gas or liquid fuel during

* "An Analysis of the Current Energy Problem,"” Presented by
John N. Nassikas at Electric World Conference for Utility Execu-
tives, Shoreham Hotel, Washington, D.C., January 14, 1971.
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the intervening time period. Future consumption can, therefore,

be fairly well defined by considering these two consuming sectors
and thelr corresponding requirements which are developed in detail
later. Demand by electric utilities is considered in this Appendix.
Coklng coal requirements are considered in Appendix F.

Table E-2 shows domestic coal demand expressed in BTU's. The
average number of BTU's per ton in 1970 was 25:167 000 which
equates to 12,583 BTU’'s per pound. By 1985 (when & larger percent-
age of low-BTU coal is projected), the average BTU figure will
drop to 24,783,000 per ton or 12,392 per pound.

TABLE E-2

CONVERSION OF BITUMINOUS COAL TONNAGE TO BTU'S--U.S. CONSUMPTION
(Trillions of BTU'S)

1970 1975 1980 1985

Coking Coal (14,000 BTU/Ib) 2,688 3,136 3,360 3,528
Residential/Commercial (14,000 BTU/Ib) 280 196 140 84
Industrial (13,000 BTU/Ib) 2,366 2,262 2,184 2,080
Electric Utility (12,000 BTU/Ib) 7,728 9,960 12,600 15,696
Total 13,062 15,554 18,284 21,388

(Average BTU per Ton--Thousands) (25,167) (25,046) (24,910) (24,783)

In Table E-3, the demand projections illustrated in Table E-2
are converted into market categories as defined by the National
Petroleum Council. Included in industrial use is coking coal used
mainly for blast furnaces. However, a portion of the coking coal
totals (Table E-2) has also been allocated to the raw materials
category.

COAL DEMAND BY ELECTRIC UTILITIES

The following procedure, utilizing a sequence of tables togeth-
er with rationale, was established as a means of developing projec-
tions of bituminous coal demand by electric utilities through 1985.*

_ Initially, historical as well as projected total energy demand
figures for electric utilities (in BTU's) was obtained from the
NPC's Energy Demand Task Group. These data, which provided a basis

* Anthracite is assumed to be included in the forward projec-
tions, 1975-1985.
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TABLE E-3

DOMESTIC CONSUMPTION OF BITUMINOUS COAL
BY NATIONAL PETROLEUM COUNCIL CATEGORIES

(Trillions of BTU's)

Residential/Commercial

Transportation
Industrial
Electric Utility
Raw Materials

Total Bituminous Coal
Total U.S. Energy Demand*

Bituminous (Percent)

19.3 18.6 17.8

* As projected by the NPC Energy Demand Task Group.

1970 1975 1980 1985
280 196 140 84
neg. neg. neg. neg.
4,463 4,708 4,805 4,832
7,728 9,960 12,600 15,696
591 690 739 776
13,062 15,554 18,284 21,388

67,827 83,481 102,581 124,942

17.,

TABLE E-4

ELECTRIC UTILITY BTU CONSUMPTION
(Energy Demand Task Group Projections--January 19, 1971)*

1965-1969
1970-1974
1975-1979
1980-1984

1985

profections.

Growth Rate

Consumption per Annum (%)

11,110

8.4
16,614

7.1
23,361

7.0
32,809

6.1
44,161

* |t should be noted that these are preliminary
Subsequent projections have been pub-
lished by the Energy Demand Task Group which vary
only slightly from the preliminary figures. The im-
pact from using the latter projections as a basis for
calculating coal demand for electric utilities would
be relatively insignificant.
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TABLE E-5

ELECTRIC ENERGY DEMAND BY PAD DISTRICTS*

PAD
District Demand 1970 1975 1980 1985

| Percent 33.5 33.7 34.2 34.5
BTU's (1012) 5,566 7,873 11,221 15,235

11 Percent 33.6 32.2 31.1 30.5
BTU's (1012) 5,582 7,522 10,203 13,469

111 Percent 13.9 15.0 15.3 15.3
BTU's (1012) 2,309 3,504 5,020 6,757

v Percent 2.8 2.9 2.8 2.8
BTU's (1012) 465 678 919 1,237

V Percent 16.2 16.2 16.6 16.9
BTU's (1012) 2,692 3,784 5,446 7,463

Total Percent 100.0 100.0 100.0 100.0
BTU's (1012) 16,614 23,361 32,809 44,161

* Adjustments to 100 percent made in the largest districts
(-0.1 points in 1970, 1975, and 1985).

for subsequent calculations of coal demand (by electric utilities),
are illustrated in Tables E-4 and E-5.

Power generating capacity was then compiled by prime mover
(see Table E-6). Table E-6 shows both historical and projected

capacity by prime mover for electric utilities through 1985. The
projected figures tie in closely in total with Mr. Nassikas' paper
and with many other estimates of industry capacity. Mr. Nassikas'

data interpreted for 1985 is about 962,500 MW. Additional capaci-
ty has been added to pumped storage and gas turbine categories to
arrive at 977,528 MW. Calculations on a BTU basis support these
figures, under assumptions of normal average industry load factors.

The proportion of the capacity allotted to hydropower, pumped
storage, Internal combustion and gas turbine was determined by In-
formation received from the National Coal Association (NCA) and
the FPC. Hydropower is assumed to grow at a 2.5-percent annual
rate--less than the rate for recent years--although the recent rate
includes umped storage which is now shown separately. Hydropow-
er and pumped storage combined, of course, represent a very sizable
growth rate. Gas turbine projections are felt to be minimal and
could prove to be higher.
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TABLE E-6

ELECTRIC UTILITY CAPACITY BY PRIME MOVER

(MW)
Pumped Conventional Internal Gas
Hydro Storage Steam Nuclear Combustion  Turbine Total
1965 43 782 * 186,666 926 3,365 1,388 236,127
1966 44:977 * 195,431 1,942 3,509 1,984 247,843
1967 48,112 * 211,080 2,887 3,818 3,355 269,252
1968 51,168 * 226,927 2,817 3,978 6,168 219,058
1969t 52,753 * 242,317 3,980 4,205 10,094 313,349
1970t 51,459 3,600+ 259,000 6,493 4,321 15,480 340,353
1975 58,2218 15,300% 353,000" 50,144** 4,500ttt 20,000t t 501,165
1980 65,8728 27,000% 412,100" 127,900* * 4,750t t 35,000ttt 672,622
1985 74,5288 50,000+ 546,740" 251,260** 5,000tt 50,000ttt 977,528

* Pumped storage capacity included in hydropower through 1969.

t Revised 1969 and preliminary 1970 data from FPC. FPC reported 1970 hydro at 55,059 MW.
To arrive at 1970 figure above 3,600 MW pumped storage subtracted from hydro total.

+ Pumped storage estimates are actual and/or figures interpolated by John N. Nassikas.
8§ Hydro estimated growth rate--2.5 percent annually.

i Conventional steam capacity estimated by subtracting estimated nuclear capacity from
combined total capacity figures for fossil steam and nuclear.

** Nuclear capacity estimates allowing for unscheduled delays. The 1970 figure based on
NCA, Steam Electric Plant Factors--1970 (November 1970).

tt Internal combustion and gas turbine capacity estimates based on conversations with
knowledgeable persons in electric utility matters.



The critical determination of capacity lies in the assigned
division between nuclear and conventional steam. Combined, they
are 265,493 MW in 1970 and rise to 798,000 MW in 1985--a growth
of 532,507 MW in 15 years. This is nearly 84 percent of total
projected industry capacity growth during the period.

Nuclear capacity of 50,144 MWe by 1975 is rather well docu-
mented. An exhibit from the Atomic Energy Commission (AEC), Divi-
sion of Industrial Participation, dated January 1, 1971, shows
55,896 MWe scheduled by electric utilities to be installed by the
end of 1974. This data, however, reflects the original scheduled
dates for completion, and any attempt to make realistic projections
must recognize the difficulties and delays that have occurred, are
occurring, and that will probably occur in the future. It is al-
most axiomatic that the current squeeze on power supply stems main-
ly from the unexpected delay in nuclear plants coming on-stream as
projected and in operating at effective rates when they do. There-
fore, the nuclear estimates for 1975 and 1980 are calculated to
make allowance for the inability of the industry to meet scheduled
on-line dates.

Effective nuclear capacity for 1980 is estimated at 127,900
MWe, compared to the standard projection of 147,000 MWe released
by the AEC. However, referring to this AEC release, present sched-
uled capacity is only 86,893 MWe with time beginning to run out
for additional units under the presently recognized lead time of
7 Kears. Allowing another 41,000 MWe over the 86,893 MWe now
scheduled appears reasonably optimistic.

The nuclear projection of 251,260 MWe for 1985 is a judgment
figure, resulting from extensive study of available industry infor-
mation. Mr. Nassikas and other analysts have assumed 500,000 MWe
by 1990, a I3-percent annual increase from the 147,000 MWe of 1980.
IfT a |3-percent (};rowth rate is applied to nuclear capacity of
127,900 MWe as of 1980, the result is 236,000 MWe for 1985, com-
pared to the 25! ,200 MWe as was estimated. The latter figure re-
presents a |4.5-percent annual growth rate. Achieving such a
growth rate in a major, new industry is not impossible, and with
all the problems involved and the alternatives offered by fossil
f_uelfs_, it is believed that the 251,260 MWe is a reasonably optimis-
tic figure.

The balance not allotted to nuclear and the other prime movers
Is assigned to conventional steam. The latter projects a capacity
growth of 5.1 percent per year from 1970 to 1985 in conventional
steam capacity, less, of course, than in the past, but quite reason-
able by almost any standard.

Having projected capacity by prime mover, it was then necessary
to determine the contribution (in terms of KWHs and BTU's) assign-
ed to each prime mover through 1985. Tables E-7, E-8 and E-9,
corresponding to the years 1975, 1980 and 1985, illustrate the
methodology employed to arrive at the projected KWH and BTU figures.
It should be noted that the contribution assigned to conventional
steam is essentially a residual figure.
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Reviewing these tables, it can be seen that the heat rate used
for nuclear is optimistic, but by choice. Experts in the field
place it 'generally 200 to 300 BTU's per KWH above this data.

The load factor used for nuclear is 70 percent in 1975, rising
to 74 percent in 1980 and 1985. This is contrasted to a 48-percent
load factor for fully operating plants in 1970. There is no doubt
that the 1970 load factor will improve. However, there are serious
doubts that any realistic study of future energy should assume an
average nuclear load factor above 74 percent. One reason is the
physical problem of keeping a large number of plants operating at
that rate in view of present and probable technology, and another
Is the fact that, as nuclear becomes a larger percentage of indus-
try capacity, it will be more and more subject to all the influences
operating in the industry, resulting historically in a load factor
of 30 to 55 percent. For instance, shutdowns for changing nuclear
fuel core will result in an average loss of time of about 1 month per
year, and other maintenance and breakdowns will require more time.

The official AEC release projects 55,986 MWe nuclear installed
capacity at the end of 1974 and 63,740 MWe for 1975--an average of
59,863 MWe during 1975. While this is considerably above the end-
of-the-year figure of 50,144 MWe projected here, using a 58.6-
percent load factor in 1975--compared to 47.5 percent as occurred
In 1970--and applied to 59,863 MWe will give the same nuclear gen-
eration as shown in Table E-7. It is believed to be highly unreal-
istic to assume both (1) installation of 63,740 MWe by the end of
1975 and (2) a load factor of 70 percent. Thus, even should the
capacity projection prove low, considerable cushion exists in the
projected load factor for 1975 to 70 percent.

Table E-IO summarizes the load factors and heat rates utilized
in the computations illustrated in Table E-7 through E-9. It
should be noted that the heat rates in Table E-IO are quite close
to those projected for use by the NPC Energy Demand Task Group.

Table E-Il restates the data for conventional steam plants and
converts coal equivalent tonnages using a conversion factor of
12,000 BTU's per pound of coal. It is believed that the 1970 heat
rate given in Table E-Il is an aberration and that it will revert
to a more normal pattern in later years. The load factor of 57.5
percent in 1980 is based on Mr. Nassikas' data for the entire in-
dustr?; and may be low. The data in this APpendix indicates a
growth in capacity between 1975 and 1980 of 34.2 percent and a
growth in generation of 42.4 percent. The latter is more likely
reflective of actual conditions to be encountered.

It was then necessary to allocate the total conventional
steam requirements illustrated in Table E-Il between coal, oil and
gas. This was accomplished in Table E-12. Coa equivalent tonnages
for 1970 were based on actual data. Tonnages for 1975, 1980 and
1985 were computed with preliminary percentage allocation esti-
mates from the Bureau of Mines. Table E-12 also shows this allo-
cation in BTU's.



TABLE E-7

KwH AND BTU CONTRIBUTION BY PRIME MOVER--1975
ASSUMING FIXED CAPACITY GROWTH IN HYDRO AND NUCLEAR

Nuclear Capacity--50,144 MW
365 x 24 = 8,760 x 50,144
X 70% Load Factor
X Heat Rate 10,400
Hydro Capacity--58,22] MW
365 x 24 = 8,760 x 58,221
x 52.5% Load Factor
X Heat Rate 10,300
Pumped Storage Capacity--15,300 MW
365 x 24 = 8,760 x 15,300
X 75% Load Factor
x 1.65% (Steam Generated KWH)
X Heat Rate 10,300
Gas Turbine Capacity--20,000 MW
365 x 24 = 8,760 x 20,000
X 75% Load Factor
X Heat Rate 16,000
Internal Combustion Capacity--4,500 MW
365 x 24 = 8,760 x 4,500
X 75% Load Factor
X Heat Rate 12,000

Balance Due to Conventional Steam--Electric Fuels:
23,361 Trillion
3,198 Trillion
2,758 Trillion
210 Trillion
35 Trillion

Total Given
Less Nuclear
Less Hydro
Less GT

Less IC

Remainder

17,160 Trillion

If Heat Rate Is 10,300 = 1,666,019 Million KWH.

1,666,019 Million KwH
307,483 Million KwH
267,758 Million KwH
10,052 Million KwH
13,140 Million KwH
2,957 Million KwH
16,586 Million
Total 2,250,823 Million KwH

439,261 Million KwH
307,483 Million KwH
3,198 Trillion BTU's

510,016 Million KwH
267,758 Million KwH
2,758 Trillion BTU's

134,028 Million KwWH
10,052 Million KwWH
16,586 Million KWH
171 Trillion BTU's

175,200 Million KwH
13,140 Million KwWwH
210 Trillion BTU's

39,420 Million KwH
2,957 Million KwH
35 Trillion BTU's

BTU's
BTU's
BTU's
BTU's
BTU's

BTU's*

* Includes BTU's used by steam-electric plants to pump water up to pumped

storage.

t Minus steam-electric generated KWwH used to pump water up to pumped storage.
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TABLE E-8

KWH AND BTU CONTRIBUTION BY PRIME MOVER--1980
ASSUMING FXED CAPACITY GROWTH IN HYDRO AND NUCLEAR

Nuclear Capacity--127,900 MW

365 x 24 = 8,760 x 127,900 1,120,440 Million KWH
X 74% Load Factor 829,130 Million KWH
X Heat Rate 10,300 = 8,540 Trillion BTU's
Hydro Capacity--65,872 MW
365 x 24 = 8,760 x 65,872 577,039 Million KWH
X 50.0% Load Factor 288,520 Million KWH
X Heat Rate 10,100 = 2,914 Trillion BTU's
Pumped Storage Capacity--27,000 MW
365 x 24 = 8,760 x 27,000 236,520 Million KWH
X 7.5%Load Factor = 17,739 Million KWH
x 1.65 (Steam Generated KWH) 29,269 Million KWH
X Heat Rate 10,100 296 Trillion BTU's
Gas Turbine Capacity--35,000 MW
365 x 24 = 8,760 x 35,000 306,600 Million KWH
X 7.5%Load Factor 22,995 Million KWH
X Heat Rate 12,000 368 Trillion BTU's
Internal Combustion Capacity--4,750 MW
365 x 24 = 8,760 x 4,750 = 41,610 Million KWH
X 7.5%Load Factor 3,121 Million KWH
X Heat Rate 12,000 = 37 Trillion BTU's
Balance Due to Conventional Steam-Electric Fuels:
Total Given 32,809 Trillion BTU's
Less Nuclear 8,540 Trillion BTU's
Less Hydro 2,914 Trillion BTU's
Less GT 368 Trillion BTU's
Less IC 37 Trillion BTU's
Remainder 20,950 Trillion BTU's*

If Heat Rate Is 10,100 = 2,074,250 Million KWH.

2,074,250 Million KWH
829,130 Million KWH
288,520 Million KWH

17,739 Million KWH
22,995 Million KWH
3,121 Million KWH
29,269 Million KWHt

Total 3,206,486 Million KWH

* Includes BTU's used by steam-electric plants to pump water up to pumped
storage.

t Minus steam-electric generated KWH used to pump water up to pumped storage.
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TABLE E-9

KWH AND BTU CONTRIBUTION BY PRIME MOVER--1985

ASSUMING HXED CAPACITY

GROWTH

IN HYDRO AND NUCLEAR

Nuclear Capacity--251,260 MW
365 x 24 = 8,760 x 251,260
X 74% Load Factor
X Heat Rate 10,200
Hydro Capacity--74,528 MW
365 x 24 = 8,760 x 74,528
X 45% Load Factor
X Heat Rate 10,000
Pumped Storage Capacity--50,000 MW
365 x 24 = 8,760 x 50,000
X 75% Load Factor
x 1.65 (Steam Generated KWH)
X Heat Factor 10,000
Gas Turbine Capacity--50,000 MW
365 x 24 = 8,760 x 50,000
X 7.5% Load Factor
X Heat Factor 16,000

Internal Combustion Capacity--5,000 MW

365 x 24 = 8,760 x 5,000
X 75% Load Factor
X Heat Rate 12,000

2,201,100 Million KwH
1,628,820 Million KwH
16,614 Trillion BTU's

652,865 Million KWH
293,789 Million KWH
2,939 Trillion BTU's

438,000 Million KWH
32,850 Million KWH
54,203 Million KWH
542 Trillion BTU's

438,000 Million KwH
32,850 Million KWH
526 Trillion BTU's

43,800 Million KWH
3,285 Million KWH
39 Trillion BTU's

Balance Due to Conventional Steam-Electric Fuels:

Total Given
Less Nuclear
Less Hydro
Less GT

Less IC

Remainder

44,161
16,614
2,938
526

39

24,044

Trillion BTU's
Trillion BTU's
Trillion BTU's
Trillion BTU's
Trillion BTU's
Trillion BTU's*

If Heat Rate is 10,000 = 2,404,400 Million KWH.

2,404,400
1,628,820
293,789
32,850
32,850
6,570
54,203

Total 4,345,076

Million KWH
Million KwH
Million KwWH
Million KWH
Million KWH
Million KWH
Million KWHt
Million KwH

* Includes BTU's used by steam-electric plants to pump water up to pumped

storage.

t Minus steam-electric generated KwH used to pump water up to pumped storage.
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TABLE E-10
LOAD FACTORS AND HEAT RATES USED IN COMPUTATIONS
1975 1980 1985
Load Factor Heat Rate Load Factor Heat Rate Load Factor Heat Rate
(Percent) (BTUKKWH) (Percent) (BTUKKWH) (Percent) (BTUIKWH)
Nuclear 70.0 10,400 74.0 10,300 74.0 10,200
Hydro 52.5 10,300 50.0 10,100 45.0 10,000
Pumped Storage 7.5 10,300 7.5 10,100 7.5 10,000
Gas Turbine 7.5 16,000 7.5 16,000 7.5 16,000
Internal
Combustion 7.5 12,000 7.5 12,000 7.5 12,000
Steam-Electric 53.9 10,300 57.5 10,100 50.2 10,000
TABLE E-I11
CONVENTIONAL STEAM DATA
1970 1975 1980 1985
Capacit_y MW 259,000 353,000 412,100 546,740
KWH (Ml_lll_on) 1,244,246 1,666,019 2,074,250 2,404,400
BTU (Trillion) 13,895 17,160 20,950 224,044
Heat Rate (BTU/KWH) 11,167 10,300 10,100 10,000
Coal Equivalent (Million Tons) 579 715 873 1,002
(12,000 BTU/1b Coal)
Load Factor 54.8 53.9 57.5 50.2

The major changes projected in shares of this market are (1)
the increase in oil from 14 percent in 1970 to 18 percent in 1985,
and (2) the decline in gas from 30 percent to 17 percent.

Oil's growth rate from 1970 to 1985 was calculated to be 5.5
percent compounded annually. Gas participation in the convention-
al steam-electric utility market is projected to reach a peak in
1975 and decline in the succeeding 5-year intervals, with oil
passing it in total in 1985. These are conventional steam uses
only and do not include gas turbine and internal combustion uses
(for both gas and oil).

Coal's share of this market is shown to rise from 56 percent
to 65 percent, reflecting (1) declining gas availabilities for this
low priority market and (2) oil's limitation to areas reachable by
imported residual.

Table E-13, which is self-explanatory, shows both a historical

as well as projected allocation of conventional steam-electric
capacity between coal, oil and gas.
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Total

Coal
% of total
Oil
% of total

Gas
% of total

Total

Coal
Oil
Gas

COAL, OIL AND GAS*

TABLE E-12

Share of Conventional

Stearn-Electric Market (Millions of Tons
Coal Equivalent--24 Million BTU's per Ton)

1970 19/5 1980 1985
579 715 873 1,002
322 415 525 654

56 58 60 65
81 114 167 181
14 16 19 18
176 186 181 167
30 26 21 17

Conventional Stearn by BTU (1012) Share

13,895 17,160 20,950 24,044
7,728 9,960 12,600 15,696
1,943 2,736 4,006 4,344
4,224 4,464 4,344 4,004

* Gas and oil used in gas turbines and internal combustion
generators not included.

1965
1970
1975
1980
1985

TABLE E-13

CONVENTIONAL STEAM-ELECTRIC CAPACITY--

COAL, OIL AND GAS*

(MW)

Coal Oil Gas
124,000 16,000 48,000
145,000 36,000 78,000
205,000 56,000 92,000
247,100 78,000 87,000
354,000 98,000 94,740

Total

188,000
259,000
353,000
412,100
546,740

* Estimates for each fuel projected on the basis of market shares.
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Table E-14 is the first in a series of summary tables illustrat-
ing coal demand by electric utilities. This table specifically
shows bituminous coal distribution in conventional units by Census
Divisions.

Table E-1S shows bituminous coal usage by Census Di-
visions in BTU's, and Table E-16 illustrates electric utility coal
consumption in BTU's by PAD districts. Table E-17 projects coal
demand in BTU's by PAD districts for the balance of the domestic

markets utilizing coal.

TABLE E-14

BITUMINOUS COAL DISTRIBUTION BY CENSUS DIVISIONS--ELECTRIC UTILITIES
(Thousand Tons)

1970 1975 1980 1985

New England 3,000 2,000 1,000
Mid-Atlantic 43,000 48,000 52,000 55,000
East North Central 121,100 151,300 181,200 216,000
West North Central 28,300 37,000 50,600 69,000
South Atlantic 63,700 84,300 107,500 137,000
East South Central 48,200 64,000 82,100 106,000
West South Central
Mountain 14,520 28,000 50,000 70,000
Pacific and Alabama 200 400 600 1.000

Total 322,000 415,000 525,000 654,000

TABLE E-15

BITUMINOUS COAL USAGE BY CENSUS DIVISIONS-ELECTRIC UTILITIES
(Trillions of BTU'S)

1970 1975 1980 1985
New England 75 50 25
Mid-Atlantic 1,075 1,200 1,300 1,375
East North Central 2,926 3,685 4,456 5,335
West North Central 684 901 1,244 1,704
South Atlantic 1,538 2,054 2,644 3,384
East South Central 1,165 1,558 2,019 2,618
West South Central
Mountain 261 504 90b 1,260
Pacific and Alaska 4 8 12 20
Total 7,728 9,960 12,600 15,696
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BITUMINQJS COAL

TABLE E- 16

CONSUMPTION BY PAD DISTRICTS-ELECTRIC UTILITIES
(Trillions of BTU'S)

1970 1975 1980 1985
PAD District | 2,688 3,304 3,969 4,759
PAD District 11 4,402 5,641 7,072 8,819
PAD District 111 473 700 1,000 1,330
PAD District IV 138 267 477 668
PAD District V 27 48 82 120
Total 7,728 9,960 12,600 15,696
TABLE E-17
DEMAND BY PAD DISTRICTS
(Trillions of BTU's)
1970 1975 1980 1985
Residential /Commercial
PAD District | 52 36 25 15
PAD District |1 203 142 102 60
PAD District 111 5 4 3 2
PAD District IV 12 8 6 4
PAD District V _ 8 _ 6 _ 4 3
Total 280 196 140 84
Industr ial
PAD District | 1,740 1,750 1,760 1,775
PAD District 11 2,160 2,358 2,385 2,332
PAD District 111 379 400 420 440
PAD District IV 112 120 135 155
PAD District V 72 80 105 130
Total 4,463 4,708 4,805 4,832
Rawv Material s
PAD District | 265 304 317 322
PAD District 11 233 275 300 322
PAD District 111 63 74 80 85
PAD District IV 17 21 24 27
PAD District V A3 _16 _18 20
Total 501 690 739 776
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APPENDIX F
COKING COAL REQUIREMENTS

A summary of domestic, world and U.S. export coking coal re-
quirements is illustrated in Table F-I.

TABLE F-1

DOMESTIC, WORLD AND U.S. EXPORT COKING
COAL REQUIREMENTS--1970-2000
(Millions of Tons)

Domestic World U.S. Export
Requirement Requirement Requirement*
1970 86 440 56
1975 102 560 80
1980 110 650 130
1985 116 750 150
1990 124 850 170
1995 132 940 188
2000 140 1,040 208

*This projection was later reduced by the Coal Task Group. See
section entitled, "U.S. Export Requirements.”

DOMESTIC REQUIREMENTS

Domestic coking coal requirements were initially developed
through the years 1985 and 2000 by projecting steel requirements
for those years and then determining the coke required under pre-
sent steelmaking practices.

Domestic steel shipments in 1985 and 2000 were estimated to
reach 127 and 175 million tons, respectively. This projection was
based on a 2.5-percent growth rate from 1970 to 1980 and a 2.0-per-
cent growth rate from 1980 to 2000. Based on a current raw steel
to shipment yield of 68.5 percent, the raw steel requirements for
1985 would be 185 million tons and 255 million tons for the year
2000. With blast furnace production in the last 10 years averaging
68 percent of raw steel production, the hot metal requirement for
1985 was computed at 125 million tons and 173 million tons for
2000. Presently, 0.7 tons of coke are consumed for every ton of
hot metal produced, resulting in 86 and 121 million tons of coke
required in 1985 and 2000, respectively. Currently, the coal to
coke ratio is 1.44. The coking coal requirements, then, under
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today's steelmaking practices, amount to 134 million tons in 1985
and 184 million tons in 2000. The above analysis is summarized in
the following tabulation:

1985 2000
Total Shipments (Million Tons) 127 175
Shipment/Raw Steel Yield 0.685 0.685
Raw Steel (Million Tons) 185 255
Hot Metal/Raw Steel 0.677 0.677
Hot Metal 125 173
Coke/Hot Metal 0.7 0.7
Coke 86 121
Coal/Coke 1.44 1.44
Coal 134 184

Using the development shown in the above tabulation as a
method for arriving at coking coal requirements from projected
shipments, the implication of future trends, which may affect the
conversion factors used, were also considered. Each conversion
factor used was investigated in regard to its possible changes in
future years.

Raw Steel to Shipment Yield

As continuous casters become widely accepted, the amount of
raw steel required for a given amount of finished steel will de-
crease. The yield from raw steel to finished steel (shipments) is
increased using continuously cast semi-finished instead of ingot
semi-finished. The present 68.5-percent yield is increased to
80 .6 percent with continuous casting. Overall industry yield could
increase to 75 percent by 1985 and 80 percent by 2000, which would
decrease the amount of hot metal and consequently the coke re-
quired. The raw steel required with these projected higher yields
would be lowered to 170 million tons in 1985 and 219 million tons
INn 2000.

To project the ratio of blast furnace to raw steel production
in 1985 and 2000, the methods which will be in use for steel pro-
duction must be considered. While the proportion of Basic Oxygen
Process (BOP) and electric production has increased and the open
hearth proportion has decreased, the ratio of blast furnace pro-
duction to raw steel production has remained relatively constant
in the last 10 years. This can be explained as follows: Even
though the hot metal requirements are greater and increasing for
BOP, the combination of decreasing open hearth requirements and
increasing electric furnace production which uses no hot metal have
had an offsetting effect and kept the ratio constant. However, as
the open hearth is phased out, the ratio should change. A projec-

106



tion based upon the open hearth decline since 1964 indicates that
they should be completely phased out or, at best, be of relatively
little importance by 1985. This implies that blast furnace pro-
duction would be consumed primarily by BOP shops.

To project the proportions of BOP and electric steel in 1985
and 2000, numerous factors must be considered. Recent developments
in furnace technology could theoretically put it on the threshold
of a great expansion. Such a projection, however, would have to
determine if the supplies of scrap, metallized pellets and elec-
tricity are adequate to support the growth. To determine the po-
tential growth of metallized pellets, consideration must be given
to the limitations of the natural gas supply which is presently
used in the reducing process. Direct reduction could also become
reality. Without considering all variables involved, since each
one such as those listed above involve a study in themselves, an
assumption was made to obtain the split between BOP and electric
furnace shops. A straight line projection of their growth since

1964 was used to

From Figure
at 20 percent in
steel is assumed
hot metal to BOP
depending on the

determine the proportion in 1985 and 2000.

F-1, the electric furnace proportion is estimated
1985 and 25 percent in 2000. The balance of the
to be BOP. The upper limit on the percentage of
steel is 8 percent. Although scrap charges vary
shop, temperature restrictions presently require

a 20-percent minimum scrap charge. Assuming the electric/BOP

split, BOP production in 1985 and 2000 was estimated at 136 and
164 million tons, respectively. At a maximum 80-percent hot metal
charge, blast furnace production should reach 109 and 131 million
tons.
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Figure F-1. Steel Production by Type of Furnace.
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Coke to Hot Metal

The demand for coke must take into account any foreseeable
technical developments in melting practice and the possibilities
of exploiting other forms of energy for melting which could affect
the demand for coke. Hot blast and oxygen enrichment as well as
fuel oil and natural gas injection into the furnace are being
tried but have not entirely been justified in terms of coke rate
reduction. Up until now, no proved furnace has been developed
which can take advantage of the lower cost heat unit of fuels such
as coal tar, pulverized coal or natural gas in comparison with
coke. There is no technical development in blast furnace melting
practice for the foreseeable future which is likely to sharply af-
fect the present coke to hot metal ratio. Therefore, projecting
the trend of the last 5 years, the coke consumption per ton of hot
metal should be 0.58 in 1985 and 0.54 in 2000. Total coke require-
ments, then, for the respective years are 63 and 71 million tons.

Coal/Coke Ratio

This ratio is not expected to vary from the present level of
1.44 due to the natural chemistry of coal. This subsequent analy-
sis with the revised conversion factors is summarized in the fol-
lowing tabulation:

1985 2000
Shipments (Million Tons) 127 175
Shipment/Raw Steel Yield 0.75 0.80
Raw Steel (Million Tons) 170 219
BOP/Raw Steel 0.80 0.75
BOP 136 164
Hot Metal/BOP (Maximum) 0.80 0.80
Hot Metal 109 131
Coke/Hot Metal 0.58 0.54
Coke 63 71
Coal/Coke 1.44 1.44
Coal 91 102

In summary, the domestic coking coal requirements for 1985
and 2000 are 134 and 184 million tons, respectively, based on the
present state of the art of steelmaking. However, when the trends
of this industry over the last 10 years (see Table F-2) are pro-
jected to 1985 and 2000 at the same increasing or decreasing in-
crement each year, the coking coal requirements decrease to 91 and
102 million tons, respectively.

Combining the above requirements which assumed both present
practices and future technological developments in steelmaking, a
final set of requirements categorized as probable actual was cal-
culated to represent future domestic demand for coking coal. A
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TABLE F-2

TRENDS OF THE U.S. STEEL INDUSTRY --1960-1969*

Total Ratio: Blast

Blast Furnace Open Rawv Steel Furnace/ Ratio:

Production Hearth BOP Electric Production Raw Steel Coal/Coke
1960 67,320 86,368 3,346 8,379 99,282 0.678
1961 65,295 84,502 3,967 8,664 98,014 0.666
1962 66,291 82,957 5,553 9,013 98,328 0.674
1963 72,375 88,834 8,544 10,920 109,261 0.662 1.41
1964 86,212 98,098 15,442 12,678 127,076 0.678 1.43
1965 88,859 94,193 22,879 13,804 131,462 0.676 1.43
1966 92,150 85,025 33,928 14,870 134,101 0.687 1.43
1967 87,647 70,069 41,434 15,089 127,213 0.689 1.43
1968 89,333 65,836 48,812 16,814 131,462 0.679 1.42
1969 95,480 60,894 60,236 20,132 141,262 0.676 1.44

*

Annual Statistical Report of AlSI, 1969.

tabulation of these calculated requirements is shown by 5-year in-
crements in Table F-3.

Table F-3 indicates that probable actual coking coal require-
ments will closely parallel present practice requirements through
1975 and then fall between the limits established by projections
of present practice and reduced consumption made possible through
future technological developments. These projected requirements
are further illustrated in Figure F-2.

WORLD REQUIREMENTS

Future world coking coal requirements were derived using the
same basic assumptions utilized to develop domestic requirements.

TABLE F-3

DOMESTIC COKING COAL REQUIREMENTS--1970-2000
(Millions of Tons)

With Present With Future Probable
Practices Technological Devel. Actual
1970 86 86 86
1975 102 88 102
1980 118 89 110
1985 134 91 116
1990 151 94 124
1995 167 97 132
2000 184 102 140
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Figure F-2. Domestic Coking Coal Requirements--1970-2000.

Starting with estimated world raw steel production of 650 million
tons in 1970 and 1 billion tons in 1980, a 3.0-percent growth rate
was used from 1980 to 2000. Present and future world steelmaking
practices were assumed to be consistent with those in the domestic
industry, and the possibility of technological advances were also
recognized. World coking coal requirements considering present
melting practices and future technological possibilities were com-
puted to be 790 million tons and 620 million tons in 1985 and 1,230

million tons and 840 million tons in 2000, respectively. These
calculations are summarized below.

World Coking Coal Requirements
Assuming Present
Steelmaking Practices

1985 2000
Raw Steel (Million Tons) 1,160 1,800
Hot Metal/Raw Steel 0.677 0.677
Hot Metal 785 1,219
Coke/Hot Metal 0.7 0.7
Coke 550 853
Coal/coke 1.44 1.44
Coal (Million Tons) 790 1,230
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World Coking Coal Requirements
Assuming Possible Future
Technological Developments

1985 2000
Rav Steel (Million Tons) 1,160 1,800
BOP/Raw Steel 0.8 0.75
BOP 928 1,350
Hot Metal/BOP 0.80 0.80
Hot Metal 742 1,080
Coke/Hot Metal 0.58 0.54
Coke 431 583
Coal/Coke 1.44 1.44
Coal (Million Tons) 620 840

Probable actual world requirements were also developed utiliz-
ing the same procedure conducted in the domestic analysis. A sum-
mary of the world coking coal requirements is shown in Table F-4
and graphically illustrated in Figure F-3.

It should be noted that the probable actual world requirements
follow a pattern identical to the corresponding domestic figures--
closely Parallellng present practice requirements through 1975,
then falling between the present practice and technological devel -
opments.

u.S. EXPORT REQUIREMENTS

In 1970, U.S. coking coal exports supplied approximately 12.7
percent of world requirements. However, It is anticipated that
the U.S. contribution to the world market will increase in future
years. Therefore, U.S. coking coal exports were projected to

TABLE F-4

WORLD COKING COAL REQUIREMENTS--1970-2000
(Millions of Tons)

With Present With Future Probable

Practices Technological Devel. Actual
1970 440 440 440
1975 560 500 560
1980 680 560 650
1985 790 620 750
1990 940 690 850
1995 1,120 760 940

2000 1,230 840 1,040
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Figure F-3. World Coking Coal Requirements--1970-2000.

increase to 20 percent of world requirements by 1980 and to retain
that share of the market through the year 2000.* Projected U.S.
exports in relation to future world requirements are shown in

Table F-5.

* This prgjection implies a rather vigorous growth rate in
U.S. coking coal exports--nearly 7 percent per annum between 1970
and 1985. Due to growing foreign competition, the Coal Task Group
was somewhat skeptical as to the industry's ability to sustain this
suggested growth. Therefore, the export figures shown in Tables
F-1 and F-5 were reduced to reflect a growth which would reach

120 million tons in 1985. No attempt was made by the task group

to revise the post-1985 projections.
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1970
1975
1980
1985
1990
1995
2000

TABLE F-5

U.S. CONTRIBUTION TO WORLD COKING COAL MARKET

World
Requirements

(Millions of Tons)

440
560
650
750
850
940
1,040

U.S. Export
Requirements

(Millions of Tons)

56

80
130
150
170
188
208

U.S. Share
of World Market

(in Percent)

12.7
14.3
20.0
20.0
20.0
20.0
20.0
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APPENDIX G
COAL RESERVES OF THE UNITED STATES

The estimated measured and indicated coal reserves of the
United States in beds more than 28 inches thick and under less than
1,000 feet of overburden as of January 1, 1970, totaled approxi-
mately 394,106 million short tons. This total consisted of 261,510
million tons of bituminous coal (67 percent), 119,861 million tons
of subbituminous and lignite (30 percent), and 12,735 million tons
of semi-anthracite and anthracite (3 percent).

Coal reserves generally reported by USGS are divided into
three categories according to the relative abundance and reliability
of data used in preparing the estimates. These classes are termed
"measured,” "indicated" and "inferred.” In this compilation,
inferred reserves are not included, and the following data relate
only to measured and indicated reserves. Measured reserves are
those for which tonnage is computed and dimensions revealed in out-
crops, trenches, mine workings and drill holes. The points of
observation and measurement are so closely spaced and the thickness
and extent of coal are so well defined that the tonnage is judged
to be accurate within 20 percent of true tonnage. Although the
spacing of the points of observation necessary to demonstrate con-
tinuity of the coal differs from region to region according to the
character of the coal beds, the points of observation are, in
general, about 0.5 mile apart.

Indicated resources are those for which tonnage is computed
partly from specific measurements and partly from projection of
visible data for a reasonable distance on the basis of geologic
evidence. In general, the points of observation are about 1.0 mile
apart, but they may be as much as 1.5 miles apart for beds of known
continuity.

The sizing categories selected to classify the bed thickness
of the reserves in this estimate are limited to those that conform
closely to present mining practices. Specifically, for higher
rank coals (bituminous, semi-anthracite and anthracite), reserves
are classified into two bed thicknesses, namely 28 to 42 inches
and more than 42 inches. For lower rank coals (subbituminous and
lignite), bed thicknesses are limited to 5 to 10 feet thick and
more than 10 feet thick.

Table G-I shows a tabulation bK states of the measured and in-
dicated coal reserve in beds 28 inches and more in thickness under
a maximum overburden thickness of 1,000 feet. Comparison is made
of these specific conditions with coal resources in the ground
having a bed thickness of 14 inches or more and under a maximum
overburden thickness of 3,000 feet.

Tables G-2, G-3 and G4 show by individual states the esti-
mated remaining measured and indicated reserves as of January 1,
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TOTAL ESTIMATED REMAINING MEASURED AND INDICATED COAL RESERVES OF THE UNITED STATES AS OF JANUARY I,
(In Beds 28 Inches and More Thick, for Bituminous, Anthracite and Semi-Anthracite, and 5 Feet

TABLE G-1

or More Thick for Subbituminous and Lignite Beds--Million Tons)

1970*

State

Alabama
Alaska
Arkansas
Colorado
Georgia
Illinois
Indiana

lowa

Kansas
Kentucky West
Kentucky East
Maryland
Michigan
Missouri
Montana

New M exico
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
South Dakota
Tennessee
Texas

Utah
Virginia
Washington
West Virginia
Wyoming
Other States

Total

Figures are reserves in ground, about half of which may be considered recoverable.

Remaining' Measured and Indicated Reserves

Bituminous

Subbituminous

1,731
667
313

8,811

18
60,007
11,177

2,159

328
20,876
11,049

557

125
12,623

862

1,339

n
a
17,242
1,583
*k
24,078
a
939
*k

9,155

3,561
312

68,023

3,975

* K

261,510

a
5,345

o))

IN
N
a
w

DOVOODOD DD

Anthracite

Lignite Semi-Anthracite

t a

3 §

t 67

a 16

a 0
a a
0 a

a a
a a
0 a
a a

a a
a a
a a
6,878 a
a 2
a a
36,230 a
a 0

a 0

0 0

a 12,525
757 a
0 a
6,870 a
0 0

0 125

0 0
0 a

s 8
50,781 12,735

Total

1,731
6,012
380
13,280
18
60,007
11,177
2,159
328
20,876
11,049
557
125
12,623
38,968
2,120
t
36,230
17,242
1,583
* %
36,603
757
939
6,870
9,305
3,686
1,500
68,023
29,912
46

394,106

Total--Al1ll Ranks

More than 14" and
3,000' Overburden

Measured & Indicated
as Percent of Total

13,444
130,087
2,420
80,679
18
139,372
34,661
6,513
18,678
36,482
28,850
1,168
220
23,339
221,698
61,455
110
350,649
41,568
3,195
332
69,686
2,031
2,606
12,918
32,070
9,817
6,183
101,186
120,684
4721

1,556,840
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24.8

=
o

25.3

Includes all beds under

less than 1,000 feet of overburden and over 28 inches in bed thickness for bituminous and anthracite and 5 feet or more
for subbituminous and lignite.

t Small reserves of lignite in beds less than 5 feet thick.

$ Small reserves of lignite included with subbituminous reserved.

§ Small reserves of anthracite in the Bering River Field believed to be too badly crushed and folded to be

economically recoverable.

" Negligible reserves with overburden less than 1,000 feet.

*%

Data not available to make estimate.
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TABLE G-2

SUMMARY OF ESTIMATED ORIGINAL OR REMAINING RESERVES OF BITUMINOUS COAL OF THE UNITED STATES
ACCORDING TO THICKNESS OF BEDS AND UNDER LESS THAN 1,000 FEET OF OVERBURDEN*
(Million tons)

Remaining Reserves in Measured and

Resources Depleted to Indicated Categories Under Maximum
Estimated 1-1-70 Overburden Thickness of 1,000 Feet
Original or Production Remaining According to Bed Thickness

Type of Remaining Plus Loss Resour ces Total
State Estimatet Resour ces Productiont in Mining§ 1-1-70 28"-42" Over 42" Over 28"
Alabama R-1958 13,754 165 330 13,424 1,035 696 1,731
Alaska Orig. 19,429 7 14 19,415 238 429 667
Arkansas Orig. 1,816 81 162 1,654 153 160 313
Colorado Orig. 63,203 417 834 62,369 1,435 7,376 8,811
Georgia R-1945 24 3 6 18 18 18
Illinois R-1965 140,000 314 628 139,372 8,667 51,340 60,007
Indiana Orig. 37,293 1,316 2,632 34,661 2,576 8,601 11,177
lowa Orig. 7,237 362 724 6,513 1,037 1,122 2,159
Kansas R-1957 18,706 14 28 18,678 Neg. 328 328
Kentucky West Orig. 38,878 1,198 2,396 36,482 445 20,431 20,876
Kentucky East Orig. 33,440 2,295 4,590 28,850 7,395 3,654 11,049
Maryland R-1950 1,200 16 32 1,168 369 188 557
Michigan Orig. 297 46 92 205 110 15 125
Missouri Orig. 23,977 319 638 23,339 9,448 3,175 12,623
Montana Orig. 2,363 88 176 2,187 192 670 862
New Mexico Orig. 10,948 %] 188 10, 760 486 853 1,339
North Carolina Orig. 112 1 2 110 n n
Ohio Orig. 46,488 2,460 4,920 41,568 14,202 3,040 17,242
Oklahoma Orig. 3,673 188 376 3,297 800 783 1,583
Oregon Orig. 50 1 2 48 bl *k *k
Pennsylvania Orig. 75,093 8,966 17,932 57,161 9,382 14,696 24,073
Tennessee R 1959 2,748 71 142 2,606 713 226 939
Texas Orig. 6,100 26 52 6,048 tt tt tt
Utah Orig. 32,522 301 602 31,920 4,878 4,277 9,155
Virginia Orig. 11,696 1,111 2,222 9,474 2,489 1,072 3,561
Washington R-1960 1,869 1 2 1,867 62 250 312
West Virginia Orig. 116,618 7,716 15,432 101,186 20,036 47,987 68,023
Wyoming Orig. 13,235 275 550 12,685 831 3,144 3,975
Other StatesH __ 620 1 2 618 ok o o
Total 723,389 27,853 55,706 667,683 86,997 174,513 261,510

UGS Bulletins 1136 and 1275, with adjustments for production and | osses in mining through 1969.

t R--remaining resources in ground as of January 1 of the year indicated; original resources in the ground before the
advent of mining.

t Production from year of earliest record or from year that remaining resources were estimated through 1969.

Past losses assumed to equal production.

c

Negligible reserves with overburden less than 1,000 feet.
** Data not available to make estimates.
tt Negligible reserves in measured and indicated categories.

tt Arizona, California, Idaho, Nebraska and Nevada.
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TABLE G-3

SUMMARY OF ESTIMATED ORIGINAL OR REMAINING RESERVES OF SUBBITUMINOUS COAL AND LIGNITE OF THE

(Million Tons)

UNITED STATES ACCORDING TO THICKNESS OF BEDS AND WITH LESS THAN 1,000 FEET OF OVERBURDEN*

Subbituminous
Alaska
Colorado
Montana
New Mexico
Oregon
Utah
Washington
Wyoming
Other States

Total

Lignite
Alabama
Alaska
Arkansas
Kansas
Montana
North Dakota
Oklahoma
South Dakota
Texas
Washington
Wyoming
Other States

Total

Grand Total

Type of
Estimatet

Orig.
Orig.
Orig.
Orig.
Orig.
Orig.
R 1960
Orig.
Orig.

Orig.
Orig.
Orig.
Orig.
Orig.
Orig.
Orig.
Orig.
Orig.
R-1960
Orig.
Orig.

Estimated
Original or
Remaining
Resour ces

110,696
18,492
132,151
50,801
290

156
4,194
108,319
4,065

429,164

20

*k

350

tt
87,533
350,910
tt
2,033
7,070
117

* %

50
448,083

877,247

Resources Depleted to
1-1-70

Production
Plus Loss

Productiont in Mining§

12 24
130 260
82 164
55 110
3 6

3 6
Neg. Neg.
160 320
4 8
449 898
0 0

0 0

0 0

0 0

3 6
130 260
0 0

1 2
100 200
0 0

0 0

2 4
236 472
685 1,370

Remaining
Resour ces
1-1-70

110,672
18,232
131,987
50,691
284

150
4,194
107,999
4,057

428,266

20

*k

350

tt
87,527
350,650
tt
2,031
6,870
117

*k

46

447,611

875,877

Remaining Reserves in Measured and
Indicated Categories Under Maximum
Overburden'Thickness of .1,000 Feet

Total

5'-10' Over 10 Over 5'
757 4,588 5,345
2,346 2,107 4,433
11,615 19,613 31,228
576 203 779

n n
0 150 150
822 366 1,188
9,222 16,715 25,937
n n
25,338 43,742 69,080
0 0 0
0 0 * %
0 0 0
0 0 tt
4,960 1,918 6,878
22,591 13,639 36,230
0 0 tt
705 52 757
6,870 0 6,870
0 0 0
0 0 **
46 0 46
35,172 15,609 50,781
60,510 59,351 119,861

* UGS Bulletins 1136 and 1275, with adjustments for production and losses in mining through 1969.

t R--remaining resources in the ground as of January 1 of the year indicated;
before the advent of mining.

original resources in the ground

t Production from years earliest record or from year that remaining reserves were estimated through 1969.

Past losses assumed to equal production.

" Classification of reserve data not available.

** Small resources and production of lignite included under subbituminous coal.

tt Small resources of lignite in beds generally less than 30 inches thick.
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TABLE G-4

SUMMARY OF ESTIMATED ORIGINAL OR REMAINING RESERVES OF ANTHRACITE AND SEMI-ANTHRACITE COAL RESERVES
OF THE UNITED STATES ACCORDING TO THICKNESS OF BEDS AND WITH LESS THAN 1,000 FEET OF OVERBURDEN*

(Million Tons)

Remaini ng Reserves in Measured and

Estimated Indicated Categories Under Maximum
Original or Production Remaining Overburden Thickness of 1,000 Feet
Type of Remaining Plus Loss Resources According to Bed Thickness

State Estimatet Resources Productionf in Mining§ 1-1-70 28"-42" Over 42" Total
Alaska - I 0 0 0 0 0 0
Arkansas Orig. 456 20 40 416 54 13 67
Colorado Orig. 90 6 12 78 6 10 16
New Mexico Orig. 6 1 2 4 1 1 2
Pennsylvania Orig. 22,805 5,140** 10,280 12,525 tt tt 12,525
Virginia Orig. 355 6 12 343 11 114 125
Washington R-1960 5 Neg. Neg. 5 1t + 3t
Total 23,717 5,173 10,346 13,371 72 138 12,735

* USGS Bulletins 1136 and 1275, with adjustments for production and losses in mining through 1969.

t R--remaining reserves in the ground as of January 1 of the year indicated; original resources in the ground

before the advent of mining.

+ Production from year of earliest record or from year that remaining reserves were estimated through 1969.

Past losses assumed to equal production.

1 Small resources of anthracite in the Bearing River Field believed to be too badly crushed and faulted to be

economically recoverable.
** Excludes anthracite recovered from culm banks and dredging.
tt Classification of reserves according to bed thickness is not available.

++ Small reserves are in the inferred category.




1970, in various bed thicknesses with maximum overburden of less
than 1,000 feet. These data were derived by using the various re-
ports listed in USGS Bulletins 1136 and 1275 and various Bureau of
Mines reports. All production data were derived from the Bureau
of Mines reports. Losses in mining were assumed to have been equal
to production, and production plus losses in mining have in all
cases been subtracted from measured reserves.

Table G-5, which is a compilation of the remaining reserves
of medium and low volatile bituminous coals, has been prepared to
give some indication of the reserves of these coals which are used
largely for special purposes (coking) in the United States and
abroad and may not be available for heat and power generation use.
As shown in Table G-5, these special purpose coals represent less
than one-fifth of the measured and indicated reserves of bituminous
coal in those states where they are found.

Tables G-6 and G-7 contain statistics on strippable coal re-
serves in the United States obtained from a study conducted by the
Bureau of Mines in 1970. These tables show the minimum coal bed

TABLE G-5

SUMMARY OF MEASURED AND INDICATED RESERVES OF MEDIUM AND LOW VOLATILE
BITUMINOUS COAL IN THE UNITED STATES ACCORDING TO BED THICKNESS
AND UNDER LESS THAN 1,000 FEET OVERBURDEN*

(Million Tons)

Remaining Reserves

According to Total Remaining  Medium & Low
Thickness of Beds--1-1-70 Reserves--All Volatile as %
State 28"-42" Over 42" Total Grades over 28" of Total
Alabama 420 380 800 1,731 46
Arkansas 153 160 313 313 100
Colorado 0 386 386 8,811 4
Marylandt 200 100 300 557 54
Oklahoma 273 274 547 1,583 35
Pennsylvaniat 2,200 5,200 7,400 24,078 31
Tennesseet 60 160 220 939 24
Virginia 770 330 1,100 3,561 31
Washington 40 80 120 312 38
West Virginiat 2,730 6,370 9,100 68,023 13
Total 6,846 13,440 20,286 109, 908 19

* Based on data published in USGS Bulletins 1136 and 1275 and various U.S.
Bureau of Mines publications containing data on analysis of bituminous coal in
individual states.

t Based in part on data published in U.S. Bureau of Mines Coking Coal Survey
Reports (1948-1955--Dowd reports) .
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TABLE G-6

SUMMARY OF ESTIMATED RESERVES OF STRIPPABLE BITUMINOUS COAL
IN THE UNITED STATES*
(Million Short Tons)

Region and State

Appalachia
Alabama

Kentucky--East

Maryland

Ohio
Pennsylvania
Tennessee
Virginia

West Virginia

Subtotal

Midwest
Arkansas
IHlinois
Indiana
lowa
Kansas

Kentucky--West

Michigan
Missouri
Oklahoma

Subtotal

Remaining
Strippable
Reserves

607
4,609
150
5,566
2,272
483
2,741
11,230

27,658

200
18,845
2,741
1,000
1,388
4,746

3,425
434

32,785

Rocky Mountain &

Pacific Coast
Alaskat
Colorado
Utah

Subtotal
Total{

* Based on
United States.

1,201
870
252

2,323

62,766

Available
Strippable
Reserves

134
781
21
1,033
752
74
258
2,118

5,171

149
3,247
1,096

180

375

977

1
1,160
111

7,296

480
500
150
1,130

13,597

Thickness

Minimum
Coal Bed

(Inches)

14
28
28
28
28
28
28
28

14
18
14
28
12
24
28
12
12

14
60
60

Maximum
Overburden
Thickness

(Feet)

120
120
120
120
120
120
120
120

150

120
120
150
100
120
120

120
50 to 120
39 to 150

Economic
Stripping Ratio

24:1
14:1
15:1
15:1
15:1
19:1
15:1
15:1

30:1
18:1
20:1
18:1
15:1
18:1
20:1
15:1
15:1

10:1
4:1-10:1
3:1-8:1

recent Bureau of Mines study of strippable coal reserves of the

t Includes 478 million tons of reserves in Northern Alaska Fields (North Slope)
that may not be economically strippable at this time.

f Strippable bituminous coal reserves for ldaho, Montana, New Mexico, Texas and

Washington were not estimated.
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TABLE G-7

SUMMARY OF ESTIMATED RESERVES OF STRIPPABLE SUBBITUMINOUS
AND LIGNITE COAL IN THE UNITED STATES
(Million Short Tons)

Minimum Maximum
Remaining Available Coal Bed Overburden Economic
Strippable Strippable Thickness Thickness Stripping Ratio
Region and State Reserves Reserves (Inches) (Feet) (Feet: Feet)
Subbituminoust

Rocky Mountain &

Pacific Coast
Alaska 6,190 3,926% 60 120 12:1
Arizona 400 387 60 130 8:1
California 100 25 60 100 1:1
Montana 7,813 3,400 60 60 to 125 2:1-18:1
New Mexico 3,307 2,474 60 60 to 90 8:1-12:1
Washington 500 135 60 100 10:1
Wyoming 22,028 13,971 60 60 to 200 1.5:1-10:1
Total 40,338 24,318

Lignite!

Southwest
Arkansas 32 25 60 100 15:1
Texas 3,272 1,309 60 90 15:1
Subtotal 3,304 1,334

Rocky Mountain &

Pacific Coast
Alaska 8 5 0 0 0
Montana 7,058 3,497 60 60 to 125 2:1-18:1
North Dakota 5,239 2,075 60 50 to 125 3:1-12:1
South Dakota 399 160 60 100 12:1
Subtotal 12,704 5,737

Total 16,008 7,071
Total all Ranks 119,112 44,986

* Based on recent unpublished Bureau of Mines study of strippable coal reserves
of the United States.

t Subbituminous coal reserves not estimated for Colorado and Oregon;
reserves not estimated for Alabama, Kansas, Louisiana and Mississippi.

lignite

¥ Includes 179 million tons of undifferentiated subbitumous-lignite and 3,387
million tons of subbituminous coal reserves in the Northern Alaska Fields (North
Slope) that may not be economically strippable at this time.
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thickness, maximum overburden thickness and economic stripping
ratio. The original in-place resource was obtained mainly in two
ways:

e In published reports where outcrop maps were available,
the length of each minable coal bed outcrop was measured
by map meter or the area was measured by planimeter, and
an average coal bed thickness was determined for each bed.
An average bench width from outcrop to maximum overburden
thickness was estimated. These data gave acres of strip-
pable coal which, when multiplied by a tonnage factor,
gave total original in-place resource.

« From latest estimates of the U.S. Geological Survey, State
Geological Surveys, coal mining companies and railroad
companies.

Remaining strippable reserves are total original coal resources
reduced by depletion computed from past strip and auger production
to date of estimate. Available strippable reserves are the re-
coverable reserves adjusted to conform to the economic stripping
ratios assigned to the various states. Coal that cannot be mined
owing to proximity of natural or man-made features is excluded
from this estimate.
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APPENDIX H

SELECTED COAL INDUSTRY STATISTICS--1960-1969

This Appendix contains a compilation of coal industry statis-
covering the years 1960 through 1969 as follows:

Table H-1 and Figure H-1 show production of bituminous
coal by size of mine output and by number of mine in each
size range.

Table H-2 and Figure H-2 show total bituminous coal pro-
duction and a breakdown for coal produced at deep and
surface mines.

Table H-3 and Figure H-3 show output per man per day by
type of mining.

Table H-4 and Figure H-4 show output per man per year by
type of mining.

Table H-5 and Figure H-5 show average number of days
worked per year by type of mining.
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TABLE H-I

PRODUCTION OF BITUMINOUS COAL BY SIZE OF MINE OUTPUT*
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TABLE H-2

PRODUCTION OF BITUMINOUS COAL AND LIGNITE--1960-1969*
(Thousand Tons)

1960
1961
1962
1963
1964

1965
1966
1967
1968
1969

Surfacet

130,624
130,211
140,883
156,672
165,190

179,427
195,357
203,494
201,103
213,373

Deep

284,888
272,766
281,266
302,256
321,808

332,661
338,524
349,133
344,142
347,132

Total

415,512
402,977
422,149
458,928
486,998

512,088
533,881
552,626
545,245
560,505

* U.S. Bureau of Mines, Minerals Yearbook (1960-1969).

t Strip mining and auger mining as reported by U.S. Bureau
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1960
1961
1962
1963
1964

1965
1966
1967
1968
1969

Industry Surveys, Weekly Coal Report No. 2794 (April 2, 1971).

OUTPUT PER MAN PER DAY BY TYPE OF MINING--1960-1969*

TABLE H-3

Underground

10.64
11.41
11.97
12.78
13.74

14.00
14.64
15.07
15.40
15.61

Strip

22.93
25.00
26.76
28.69
29.29

31.98
33.57
35.17
34.24
35.71

Auger

31.36
30.61
36.51
38.87
42.63

45.85
44.43
46.48
40.46
39.88

* U.S. Bureau of Mines, Minerals Yearbook (1960-1969), and Mineral
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Figure H-3. Output per Man per Day by Type of Mining.
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TABLE H-4

OUTPUT PER MAN PER YEAR BY TYPE OF MINING--1960-1969*

Underground Strip Auger Total
1960 2,005 4,874 3,725 2,453
1961 2,180 5,301 3,551 2,678
1962 2,342 6,152 4,139 2,935
1963 2,592 6,381 5,077 3,240
1964 3,066 7,141 5,410 3,784
1965 3,031 7,605 6,255 3,829
1966 3,146 8,278 6,412 4,052
1967 3,250 8,729 6,169 4,198
1968 3,343 8,312 5,881 4,263
1969 3,497 8,826 5,561 4,501

* U.S. Bureau of Mines, Minerals Yearbook (1960-1969), and Mineral

Industry Surveys, Weekly Coal Report No. 2794 (April 2, 1971).
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Figure H-4. Output per Man per Year by Type of Mining.
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TABLE H-5

AVERAGE NUMBER OF DAYS WORKED PER YEAR BY TYPE OF MINING--1960-1969*

1960
1961
1962
1963
1964

1965
1966
1967
1968
1969

Underground

188
191
196
203
223

216
215
216
217
215

Strip

213
212
230
222
244

238
247
248
243
243

Auger

119
116
120
131
127

136
144
133
145
145

Total

191
193
199
205
225

219
219
219
220
226

* U.S. Bureau of Mines, Minerals Yearbook (1960-1969), and Minerals
Industry Surveys, Weekly Coal Report No. 2794 (April 2, 1971).

DAYE WORKED

250

200

150

100

STRIP
/\/A TOTAL
UNDERGROUND
_
- AUGER

—

1960 1962 1964 1966 1968 1970
YEAR
Figure H-S. Average Number of Days Worked

per Year by Type of Mining.

131



APPENDIX |
AN ECONOMIC MODEL OF THE U.S. COAL INDUSTRY

INTRODUCTION

The costs of supplying the different forms of energy have
changed relative to each other with time. These changes have
affected the supply and demand for coal. As a result, the pro-
duction of coal has fluctuated considerably during the past 30
years and will inevitably continue to fluctuate somewhat in the
future. As the level of production could vary over a considerable
range in response to the overall supply and demand for energy, it
Is desirable to estimate future changes in those items that affect
production costs in order to estimate the long-term cost of sup-
plying coal at various production levels.

Since 1940, total coal production peaked at 687.8 million
tons in 1947 and then dipped to a low of 420.4 million tons in
1961.* Following 1961, the long-term trend in coal production re-
\1/8;8ed itself and increased to a level of 612.7 mil1l0n tons in

The drop in annual coal production from 1947 to 1961 was due
directly to the decrease in coal demand by the residential/commer-
cial and transportation sectors of the economy. Indirectly, it
was due to the increased supply of oil and gas which were becoming
a less expensive and more convenient form of fuel.

Conversely, the 1961-1970 increase in coal production was due
to both an overall increase in energy demand and an increase in
supply of lower cost coal. The increase in demand resulted pri-
marily from the natural growth of the electric utility industry,
the steel industry and the export market. The increase in the
supply' of lower cost coal resulted from switching from high cost
underground mining methods to lower cost surface mining. Finally,
gains in the productivity of labor brought about by technological
pr:ogress helped to maintain the supply of low cost coal during
the 1960's.

It is impossible to predict exactly the quantities of coal
that will be required in the future to meet the ever increasing
demand for energy. The approach used here employed four principal
cases to cover a range of reasonable supply projections. As a
result, it became necessary to estimate future changes in those
items affecting the long-term cost of supplying coal at different
levels of production.

The factors affecting the cost of coal mining vary over a wide
range from one mining district to the next, between mines in the

_ * "Total coal production" refers to anthracite as well as
bituminous coal and lignite production.
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same district, and even within a given mine. Mining technology,
operating conditions, productivity of labor and capital, supply

of skilled labor, governmental regulations and the many other perti-
nent factors tend to change with time. These variables interact
with each other in numerous ways. As a result, it is difficult

to project the future unit revenues required to support the various
levels of exploration, development and production necessar% to sup-
ply the amounts of coal that are estimated to be required between
1970 and 1985. Consequently, a model was developed that enables

us to focus our attention on only the most important aspects of

the coal industry.

Only those items which were estimated to have a significant
impact on mining costs were used in the model in order to retain
a manageable size. Economic laws are not exact, and the inter-
action between the variables in very complex models tends to give
less accurate results even though they may appear more realistic.
Moreover, the structure of the model is limited by available data.
For example, little data has been published in regard to the capital
and cash operating costs of mining coal.

Those variables of which capital and operating costs are a
function were determined and were subsequently broken down into
four general classes--economic, physical and technological variables
as well as certain governmental policies. The historical values for
each of the variables used were then collected and analyzed. The
information obtained was used to design the model so that it re-
flected the average operating conditions which existed in the coal
industry during the base year--1969.*

Two of the major factors which affect the cost of mining a
given coal deposit are the seam thickness and its depth from the
surface. These factors therefore determine to a great extent the
system used to mine the deposit. A number of methods are used to
mine coal under a wide variety of operating conditions--surface,
underground and auger mining. Auger mining was not considered in
the model because it accounts for less than 4 percent of the total
coal pruduction and therefore its effect on supply is only limited.
Underground mines produced about 56 percent of the coal in 1970
while surface mines produced over 40 percent. As the cost of pro-
ducing coal at underground mines is significantly different from
the cost of producing coal at surface mines, the two mining methods
were considered separately in the coal model. Consequently, two
hypothetical coal mines--one surface and one underground mine--
were designed as a basis for the economic model.

The economic model was described conceptually in the task
group report but is repeated here in Figure 1-1 for easy reference.
The major categories of cost for these hypothetical mines were

* 1969 was used as the base year for the model as it was the
last year for which most of the statistical data used in the study
was available. However, the 1970 Bureau of Mines data became
available during the course of the study and have been incorporated
into the model.
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VARIABLES VARIABLES VARIABLES POLICIES DIRECT OPERATING COSTS
INDIRECT OPERATING COSTS
I I I I FIXED COSTS

I l TOTAL CASH OPERATING COSTS

| | |
ECONOMIC I ITECHNOLOGICAL PHYSICAL I IGOVERNMENTALI

CAPITAL INVESTMENT
DEPRECIATION

CAPITAL INVESTMENT REQUIRED | " DEPLETION
TO MAINTAIN A CONSTANT 4 TAXES
VOLUME OF COAL PRODUCTION | i I
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NEW CAPITAL INVESTMENT REQUIRED CAPITAL INVESTMENT
DISCOUNTED CASH FLOW MODEL
TO PRODUCE THE INCREMENTAL REQUIRED TO MAINTAIN
USED TO DETERMINE F.O.B. MINE
COAL TONNAGE NEEDED TO YIELD A SPECIFIED ANNUAL VALUE OF COAL PER TON FORA
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v
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I. PROD. AT UNDERGROUND MINES
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REGRESSION MODEL USED TO DETERMINE
THE F.O0.B. MINE VALUE OF COAL PRODUCED
IN EACH OF THE MAJOR COAL PRODUCING
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AVERAGE F.0.B. MINE VALUE OF COAL
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SURFACE MINES IUNDERGROUND MINES
VALUE OF COAL PER TON VALUE OF COAL PER TON
l l
REGION 1 REGION 2 REGION 3 REGION 4 REGION 5 REGION 6 REGION 1 REGION 2 REGION 3
Figure 1-1. Method of Analysis--Coal Economic Model.

based on an analysis of historical data which was then projected
forward into the 1970-1985 period. This analysis was done on a
regional basis for six underground and three surface mining regions
for which historical data are available, as well as for the United
States as a whole.

Future mining costs were estimated for coal produced both
from underground mines and from surface mines. The resulting
unit "prices" needed to cover capital and operating costs and to
provide specified DCF rates of returns have been calculated.

The unit revenues required to support the production of coal
depend upon many factors, e.g., the cost of labor, capital and
intermediate inputs (maintenance and operating supplies, power
and services acquired from without the industry). They also are
a function of the rate at which the coal industry is required to
grow in order to meet the increasing need for energy. Unit values
also reflect depreciation, depletion and tax policies; the risk
involved in finding, developing and marketing the coal; the inter-
changeability of fuel ; and changes in the short-term, intermediate-
and long-term supply and demand for coal.

The market value is determined between the producer and the
purchaser in the free and competitive market place. There is no
way that this model can predict the actual value of coal in the
market place. It was not designed to do so, nor was that the pur-
pose of the coal study. Consequently, the average unit values

135



given in this paper cannot meaningfully be used for that purpose.
The terms "price" or "value" as used here refer generally to
economic levels which would, on the basis of the cases analyzed,
support given levels of coal production over the long term.

Over the long term, the average "value" of a commodity in an
ongoing, competitive industry will tend to reflect a certain mini-
mum attractive rate of return. This "price"” must reflect finding,
developing and operating costs, plus the minimum rate of return
on investment required to attract the needed capital to the industry.
In order to estimate the economic levels which would support the
projected levels of production, a range of specified DCF rates of
return have been calculated.

The DCF mathematical procedure of calculating rates of return
on capital investments is a method of economic analysis particular-
ly useful for analyzing investment projects that are capital-
intensive and have long development periods (capital expenditures)
prior to receiving any return of cash. This method considers the
time value of money and the earning power of each individual in-
vestment over its entire life. However, it does not lend itself
to analyzing short-term and intermediate changes in supply and
demand. The coal model should, therefore, be considered a long-
term supply model.

THEORY

Cost Factors

Economic factors that affect the cost of supplying coal in-
clude the unit costs of labor, capital and interme(%ate inputs
(operating and maintenance supplies, power and services required
from outside the industry). Other economic variables used in the
model are the Wholesale and the Consumer Price Index, the effective
tax rate, depreciation, depletion, reclamation requirements and
proposed environmental regulations.

There are a wide range of physical factors that affect the
cost of producing coal. The average seam thickness and depth of
overburden are two of the main factors. The ratio between the two
is called the strip ratio and is measured in cubic yards of over-
burden per ton of coal. In areas where coal seams outcrop or are
near the surface, coal can be mined from the surface until the
maximum limit to the economic strip ratio is reached. This ratio
was estimated to be 12.6 in 1970 for the Nation as a whole. This
ratio, of course, varies over an extremely wide range. After the
surface reserves have been depleted within a given area, one of
the underground mining systems must be used if mining is to con-
tinue. The fact that mining costs are different for these two
systems is evidenced by the fact that in 1970 the actual average
price of coal produced at underground mines was $7.40 per ton as
compared to $4.69 per ton at surface mines.
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Other physical conditions which affect the cost of mining coal
are as follows:

« Type of overburden affects the cost of drilling, shooting
and removing the overburden at surface mines.

« Amount of methane gas emissions affect underground ventila-
tion costs.

« Average roof conditions affect the cost of roof bolting
and other supports.

« The average topo?raphy affects the selection of capital
equipment at surface mines.

A number of proposed or enacted governmental laws and regula-
tions could or already have affected the cost of mining coal.
Some of these are the Coal Mine Health and Safety Act of 1969, the
proposed ban on strip mining in certain areas, new reclamation re-
quirements and other proposed environmental standards. Already,
scores of underground mines have been closed (671 between 1970 and
1971) because of increased production costs of operating under

regulations imposed by the Coal Mine Health and Safety Act of
1969.*

The Coal Mine Health and Safety Act of 1969 sets allowable
dust levels, ventilation requirements, noise standards and other
requirements deemed necessary to ensure the health and safety of
the coal miners. The result has been higher operating costs, lower
productivity of labor, higher capital costs and a decrease in
underground production. On the other hand, the coal industry is
learning to operate within the limits set by the federal standards.
Further, the standards should actually reduce some of the mining
costs, such as workmen's compensation and public liability insur-
ance. Also, the improved working conditions should produce a more
stable work force and, hence, an increase in productivity. Each of
these factors had to be considered when estimating the overall
affect that the Coal Mine Health and Safety Act of 1969 might have
on future production costs.

Gains in productivity brought about by advancements in tech-
nology have historically kept the real costs of supplying coal
relatively constant. Advancements in technology and their result
are illustrated by the increase in the percentage of coal produced
by longwall and continuous miner systems of production at under-
ground mines. The result that this change is having on productiv-
ity has already been briefIK mentioned in the task group report.
An even better example is the growth in surface mining. The coal
industry is switching to surface mining where possible in order to
stay competitive with the other primary forms of energy.

* U.S. Bureau of Mines, "Coal-Bituminous and Lignite in 1971,"
Mineral Industry Surveys (September 27, 1972), p. S
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Historically, the bulk of the annual coal production has come
from underground mines. However, surface mining is becoming the
preferred method of production. This is evident from the rapid
decline in the number of underground mines--from over 7,000 in
1950 to less than 3,000 in 1970. Underground production decreased
from 392.8 million tons to 338.8 million tons during this same
period. Surface mining increased to offset the loss in underground
production and to provide for the growth in demand.

There are two major factors contributing to the trends towards
increased surface production. The first, the Coal Mine Health and
Safety Act of 1969 has already been discussed. The second factor
which is benefiting surface mining is its increasingly lower cost
relative to underground mining. The increasing spread in the
average cost of producing coal at underground mines as opposed
to surface mines is the major reason for the decrease in productive
capacity at underground mines. The relative difference is reflected
Iin the average value per ton, f.o.b. mine, produced during the
1940-1970 period (see Table I-1). Notice, In 1940 there was only
a $0.38 spread between a ton of coal produced at underground mines
and a ton of coal produced at surface mines. During that same year,
surface mining accounted for only some 9 percent of total production.
However, by 1970, when the difference in the average value per ton
of coal had increased to $2.71, surface mining accounted for over
40 percent of total production. The reason for this dramatic change
in the mode of production is quite clear. The coal industry is
switching to the less expensive mining method where possible in order
to stay competitive with the other primary forms of energy.

Coal Supply

The time element of the problem must be considered when esti-
mating the cost of supplying a commodity at different levels of
production. In the case of coal, the elasticity of supply is quite
sensitive to the time span within which the incremental tonnage is
to be produced. The short-term coal supply is estimated to be quite
inelastic. The first part of the medium-term supply curve should
tend to be elastic but then becomes inelastic. The long-term coal
supply was estimated to be quite elastic.

Short-Term Supply

For the purpose of considering the supply of coal, the term
will signify a time span of not more than one year.

A number of factors limit the incremental amount of coal which
can be produced and made available for consumption within this short
time frame. New mines capable of producing significant tonnages
could not be developed and brought into production within a year.
The only new capacity which would come on-stream during the year
would be from mines which had been previously planned in order to
replace the tonnage lost from mines depleted during the year and
to provide for the expected growth in demand. Beyond this, any
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TABLE 1-1
AVERAGE VALUE OF BITUMINOUS COAL--1940-1970
UNDERGROUND AND SURFACE MINES
(Actual Dollars per Ton Mine)

Surface Mines

Surface Underground as a Percent of

Mines _Mines Total Production
1940 $ 1.56 $ 1.9 9.4
1945 2.65 3.16 19.0
1950 3.87 5.15 23.9
1955 3.48 4.86 24.8
1956 3.74 5.20 25.4
1957 3.89 5.52 25.2
1958 3.80 5.33 28.3
1959 3.76 5.23 29.4
1960 3.74 5.14 29.5
1961 3.67 5.02 30.3
1962 3.64 4.91 30.9
1963 3.57 4.82 31.4
1964 3.55 4.92 31.2
1965 3.57 4.93 32.3
1966 3.64 5.05 33.7
1967 3.68 5.18 33.9
1968 3.75 5.22 34.1
1969 3.98 5.62 35.2
1970 4.69 7.40 40.5

incremental supply would have to come from the existing mines by
increasing their production to full capacity.

Coal production at existing mines could be increased in a
number of ways: (1) increasing the number of work days per year,
(2) increasing the average number of shifts worked per day, (3)
depleting the more accessible coal reserves first, and (4) employing
more labor and capital.

The U.S. Bureau of Mines estimates that the mining capacity
that is theoretically available is 280 working days per year. For
a number of reasons, a more attainable figure would be 250 working
days. The 1970 coal mine capacity would be in the area of 660
million tons at that rate.* Beyond this point, production costs

* This calculation is for bituminous coal and lignite produc-

tion: 602.9 million tons x 250 maximum days = 660 million tons
year 228 average work days year
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would become higher due to increasing labor and supply costs and
decreasing mine efficiency.

It is apparent that the short-term coal supply is quite in-
elastic. Only limited additional coal can be supplied within this
period regardless of the increased effort put into production or
the demand for coal in the marketplace. The coal model is not de-
signed to handle such a situation. The model is not sensitive to
short-term changes in supply and demand, and thus it cannot be used
to predict the value of coal in the marketplace.

Medium Term Supply

The term "medium term supply" will cover a period from 3 to 5
years. This is the approximate time required to bring a new coal
mine, with an annual capacity of 1 to 3 million tons per year, into
production. During this period, established mining companies could
bring new mines which were planned during the first year into pro-
duction by the third or fifth year. However, it is not likely that
new firms could enter the industry and develop a significant pro-
ductive capacity within this time frame. Any additional tonnage
would have to come from bringing the existing mines up to full
capacity and increasing their capacity when possible. Growth in
supply would still have to come from the existing industry during
this period of time.

Some of the factors which limited the expansion of production
over the short term would not limit expansion during this time frame.
For example, most coal mines have little flexibility in the amount
of coal that can be stored at the surface. Their surface storage
and loading facilities are designed to operate within a rigid
schedule with one of three cyclic modes of transportation--rail,
water or truck. The expansion of this system would be difficult to
accomplish within 1 year. However, this system could be expanded
5 years.

The Coal Task Group has estimated that the maximum annual
growth rate that could be sustained by the coal industry is 5 per-
cent. The maximum amount by which the coal supply could be in-
creased within the medium term is 10.25 percent assuming that the
coal industry had been experiencing no net annual growth at the
start of the 5-year period. If the industry had already been
growing at 5 percent, then the maximum incremental growth during
this same time span would be 27.63 percent. However, achievement
of these growth rates requires that adequate cash be generated to
provide for the net increase in capital investment.

The amount of capital needed to sustain this 5-percent growth
rate would be approximately $0.50 per ton of coal produced, given
an average capital investment of $10.00 per ton of annual produc-
tion. The amount given in this example can be determined In the
following manner. The total U.S. production of bituminous coal and
lignite was 602.9 million tons during 1970. The coal [ndustry would
have to invest $301.5 million in net new capacity to obtain a 5-
percent growth rate if the average capital investment per ton of
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annual production required to open a new coal mine was $10.00.*
The $301.5 million required spread over 602.9 million tons of pro-
duction amounts to $0.50 per ton.

As stated, it is not likely that new firms could enter the
industry and develop a significant productive capacity within three
to five years. Thus, the economic environment during the medium-
term must be such that $0.50 of the revenue from each ton of coal
produced (in the example given) can be devoted to new capital in-
vestment or the desired 5 percent growth cannot be achieved utilizing
solely industry generated capital.

The coal model does not consider whether the range of the rates
of return on investment calculated are sufficient to generate the
capital needed to sustain a given growth rate. This is a basic
limitation of the model.

Long-Term Supply

The long-term supply period covers a time span during which
existing firms can develop new coal mines or deplete old ones and
during which new firms can enter the industry and old ones can
leave. The minimum length of this period would be greater than 5
years but certainly less than 30 years. (The average mine has an
expected life of approximately 30 years.)

The model was used to calculate coal costs for six under-
ground and three surface mining regions and for the United States
as a whole for coal production growth rates of 3 to 5 percent.
Thus, the cost of supplying coal estimates range from 590 million
tons (Case IV in 1970) to 1,231 million tons (Case | for conven-
tional and export markets in 1985).

There are a number of factors that could affect the long-term
supply of coal in the United States. These factors could either
limit the industry's capacity for growth, or they could affect the
cost of producing coal at the various growth rates or with time.
The main factors that have been considered include the following:
(1) labor supply, (2) availability of an adequate transportation
system, (3) trends in the cost of capital equipment and operating
supplies, (4) trends in technology, (5) governmental policies, (6)
adequate coal reserves, and (7) the industry's ability to generate
the capital required for growth. The general effect that these
items are expected to have on the long-term supply of coal has been
discussed in the Coal Task Group Report.

It is expected, however, that the industry's capacity for
growth over the long term will not be limited by these factors at

~ * The initial capital investment required to open a new mine
varies over an extremely wide range, from a low of less than $6.00
per ton of annual production for a large surface mine in the West
to over $25.00 per ton of annual production for a deep metallurgical
coal mine in the East.

141



least within the limits established for this study--3- to 5-percent
annual growth rates. The long-term costs of producing coal are esti-
mated not to vary significantly from the 3-percent growth case to

the 5-percent growth case. In 1985, this represents a possible range
in production of 566 million tons of coal per year. Thus, the aver-
age long-term cost of producing coal is expected to remain approxi-
mately level (at a given point in time) over a wide range of supply
possibilities.

The coal supply curve can be interpreted in terms of costs.
In the case of pure competition, it tends to approximate the curve
of average costs for the industry over the long-term. As a result,
the long-term supply of coal was estimated to be extremely elastic.
The basis for this conclusion is that the United States has approxi-
mately 150 billion tons of recoverable coal reserves comparable
to those being mined today. Even at the maximum production growth
rate considered feasible, cumulative production to 1985 will use
only about 10 percent of the recoverable reserves. On the other
hand, the real costs of producing coal are expected to increase
significantly with time. The projected percentage increase between
1970 and 1985 (in terms of constant 1970 dollars) is about 30 per-
cent (at the mine).

Rate of Return

The average "price" levels of a commodity in an ongoing, com-
petitive industry will approach some minimum attractive rate of
return. The cost of mining coal was estimated as a function of the
cost of labor, capital and intermediate inputs (maintenance and
operating supplies, power and services acquired from outside the
industry). Two hypothetical coal mines--one surface and one under-
ground mine--were designed to serve as the basis of estimating the
average costs for the Industry. The coal industry must be able to
generate the capital required to sustain growth or to attract this
capital from outside the industry. The coal model is based on the
premise that the required capital will come from the industry's
cash flow in the long term. Therefore, the general economic levels
which would be needed to support the projected levels of production
must be determined. Thus, the average "price" of coal over the long
term must reflect finding, developing and operating costs plus the
minimum return on investment required to generate the required cap-
ital.

The coal model uses the discounted cash flow (DCF) method to
calculate the "price" levels needed to cover mining costs and pro-
vide specified minimum rates of return. The "prices" needed are
calculated for each of the supply cases at three rates of return
(10, 15 and 20 percent). "Prices" for the six underground and
three surface mining regions at a 3-percent growth rate are given
in Table 1-2. The estimated average coal values for the United
States as a whole (again assuming a 3-percent growth rate) are
shown for both surface and underground mines in Tables 1-3 and 1-4,
respectively. The results of the coal model cannot be used to
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predict selling "price" of coal. The term "price" or "value" as
used in this study, therefore, should not be interpreted to repre-
sent a future market value. The calculation of the cost of sup-
plying coal over a broad range of reasonable rates of return is a
more valid approach than to arbitrarily select a specific rate of
return for a competitive industry composed of numerous individuals
and firms.

The DCF mathematical procedure of calculating rates of return
on capital investment is a method of economic analysis particularly
useful in analyzing investment projects that are capital-intensive
and that have long development periods (capital expenditures) prior
to receiving any return of cash. This method considers the time

TABLE 1-2

ESTIMATED VALUE OF COAL PER TON F.O.B. MINE AT A 3-PERCENT GROWTH RATE--1969-1985
(Constant 1970 Dollars)

DCF Rate
of Return 969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Region 1 Underground (West Virginia and Pennsylvania)*
10% 6.77 7.63 8.31 8.82 9.08 9.14 9.10 9.10 9.12 9.13 9.16 9.20 9.23 9.25 9.28 9.30 9.33
15% 7.23 8.13 8.84 9.37 9.649.71 9.699.699.72 9.74 9.78 9.83 9.86 9.89 9.92 9.95 9.99
20% 7.78 8.73 9.47 10.03 0.32 10.40 10.39 10.40 10.43 10.47 10.51 10.57 10.62 10.65 10.69 10.73 10.78
Region 2 LUndergroung McDowell _and Wyoming Counties Wedst \irginia)

10% 8.47 9.92 11.05 11.94 12.40 1255 12.54 1258 12.65 12.71 12.79 12.89 12.96 13.02 13.09 13.15 13.23
15% 9.21 10.72 11.89 12.81 13.30 13.46 13.47 13.52 13.60 13.68 13.76 17.87 13.96 14.03 14.11 14.18 14.28

20% 10.08 11.66 12.89 13.86 14.37 14.55 14.57 14.64 14.73 14.83 14.93 15.05 15.15 15.24 15.33 15.41 15.52

Region 3 Underground (1llinois ndiana and Ohig)

10% 4.97 541 574 5.99 6.10 6.10 6.05 6.03 6.02 6.01 6.00 601 601 6.00 6.00 6.00 6.00
15% 5.235.68 6.04 6.29 6.41 642 6.38 6.36 6.35 634 6.34 635 636 6.36 636 636 6.37
20% 553 6.01 638 6.66 6.78 6.80 6.76 6.75 6.74 6.75 6.75 6.77 6.77 6.78 6.78 6.79 6.80

Region 4 Underground (Kentucky Tenpessee and Virginia)

10% 594 6.86 759 8.15 844 853 851 853 856 8.60 8.64 870 874 878 882 885 890
15% 6.42 738 814 872 9.02 912 912 914 9.18 9.23 9.28 9.34 9.39 9.43 948 9.52 9.58
20% 699 8.00 879 940 9.72 9.8 9.83 987 9.92 9.98 10.03 10.11 10.17 10.22 10.27 10.32 10.39

Region 5 Underground (Utah and Colorado)

10% 6.83 7.00 7.27 738 739 732 723 715 7.09 7.04 6.99 6.9% 6.92 6.88 6.84 6.80 6.77
15% 704 730 750 762 764 7.58 749 741 7.36 731 7.27 7.24 7.20 7.16 7.13 7.09 7.07
207 7.28 7.57 778 7.92 794 7.88 7.807.737.68 7.63 7.59 7.57 7.54 7.50 7.47 7.44 7.42

Region 6 Underground (Alabama)

10% 10.29 11.42 1229 1294 13.26 13.31 13.24 13.21 13.21 13.22 13.23 13.27 13.29 13.31 13.32 13.34 13.37
15% 10.92 12.09 13.00 13.69 14.02 14.08 14.02 14.01 14.02 14.04 14.06 14.11 14.14 14.17 14.19 14.21 14.26
20% 11.67 12.90 13.85 14.57 14.93 15.00 14.96 14.96 14.98 15.01 15.05 15.12 15.16 15.19 15.23 15.26 15.32

Region 1 Surface (Kentucky West Virginia, Mirginia and Tennessee)

10% 4.42 470 495 558 6.12 6.50 6.65 6.84 7.037.227.41 7.62 7.79 830 847 8.28 8.46

15% 513 543 570 6.35 691 7.327.487.69 789 8.10 8.30 8.52 8.71 9.24 9.42 9.24 9.44

20% 593 6.24 6.54 7.22 7.81 823 8.42 8.64 8.8 9.08 9.31 9.5 975 10.30 10.50 10.33 10.54
Region 2 Surface (Lllinois Indiana lowa and Qhig)

10% 428 431 435 455 472 4.8 485 488 4.93 497 502 508 512 531 5.35 524 5.29

15% 458 4.63 4.68 4.89 5.07 519 521 525 530 535 541 547 552 5.72 577 566 5.72

20% 493 498 5.04 526 546 559 561 566 572 578 584 5.91 597 6.18 6.23 6.13 6.19

Region 3 Surface (Pennsvlvania)

10% 471 495 517 5.7 6.25 6.61 674 6.90 7.08 7.25 7.42 7.61 7.77 8.24 8.40 8.21 8.37
15% 5.38 5.64 588 6.49 700 7.38 752 7.70 7.89 8.08 827 8.47 8.64 9.13 9.30 9.13 9.30
20% 6.14 6.42 6.687.317.858.25 841 861 8.81 9.01 9.22 9.43 39.62 10.13 10.32 10.15 10.35

* Does not include Mercer, McDowell and Wyoming Counties in West Virginia. These three counties produce mainly low
volatile coking coal and are considered separately in Region 2.
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Unit Value or Costs
Productivity per Day (Tons/Man)

Estimated Production Cost

Direct Operating Cost
Total Cost of Labor
Total Cost of Hourly Labor
Supervision
Maintenance and Operating Supplies
Power
Reclamation Cost

Ind. Costs--Gen. and Admin. Expense

Fixed Costs

Total Cash Operating Costs

Depreciation Expense

Capital Investment per Ton of Annual Production*
Avg. of all Mines Currently in Production
Capital Required to Open a New Mine

Average Value of Coal per Ton f.o.b. Mine

Estimated Value of Coal per Ton f.o.b. Mine
Value at 10% Rate of Return
Value at 15% Rate of Return
Value at 20% Rate of Return

* Total initial investment required to bring mine up to full production.

TABLE 1-3

AVERAGE VALUE FOR THE UNITED STATES
ESTIMATED VALUE OF COAL PRODUCED FROM SURFACE MINES AT A 3-PERCENT GROWTH RATE--1969-1985

(Constant 1970 Dollars per Ton)
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The amount shown does not include land acquisition, explo-
ration, working capital, or deferred capital expenditures; however, these items are included in the analysis.



SPI

TABLE 1-4

AVERAGE VALUE FOR THE UNITED STATES
ESTIMATED VALUE OF COAL PRODUCED FROM UNDERGROUND MINES AT A 3-PERCENT GROWTH RATE--1969-1985

(Constant 1970 Dollars per Ton)

Unit Value or Costs
Productivity per Day (Tons/Man)

Estimated Production Cost
Direct Operating Cost
Total Cost of Labor
Total Cost of HQurly Labor
Supervision
Maintenance and Operating Supplies
Power
Ind. Costs--Gen. and Admin. Expense
Fixed Costs
Total Cash Operating Costs

Depreciation Expense

Capital Investment per Ton of Annual Production*
Avg. of all Mines Currently in Production
Capital Required to Open a New Mine

Average Value of Coa per Ton f.o.b. Mine

Estimated Value of Coal per Ton f.o.b. Mine
Value at 10% Rate of Return
Value at 15% Rate of Return
Value at 20% Rate of Return

* Total initial investment required to bring mine up to full production.

6.57
9.60

5.82

6.54

6.98
7.51

7.15
10.30

7.40

7.36

7.84
8.42

7.57
10.77

0.00

8.01

8.51
9.12

7.92
11.13

0.00

8.49

9.02
9.65

8.11
11.27

0.00

8.74

9.28
9.93

8.29
11.39

0.00

8.79

9.34
10.00

1975 1976 1977
13.80 14.20 14.60
461 456 4.52
411 4.07 4.04
0.50 0.50 0.49
1.63 1.64 1.65
0.18 0.18 0.18
0.30 0.31 0.31
0.13 0.14 0.14
6.84 6.80 6.79
0.74 0.75 0.76
8.46 8.62 8.78
11.50 11.60 11.69
0.00 0.00 0.00
8.76 8.76 8.77
9.32 9.32 9.34
9.99 10.00 10.03

8.92
11.77

0.00

8.79

9.37
10.06

9.06
11.85

0.00

8.81

9.40
10.10

9.20
11.91

0.00

8.85

9.45
10.16

9.84
12.24

0.00

8.97

9.60
10.35

The amount shown does not include land acquisition, explora-
tion, working capital, or deferred capital expenditures; however, these items are included in the analysis.



value of money and the earning power of individual investments. It
measures the rate of return on invested capital in terms of the
annual discount rate which equates the future net cash flows from

a project to the discounted value of the investment outlays required
to bring about the cash flows.

The DCF method measures the profitability of an investment
over the entire life of the project. It should not be confused
with the book value rate of return which is used to measure the
performance of an investment at different periods of time in the
life of an ongoing project. Thus, a project's book rate of return
may vary over its productive life while there is only one true DCF
rate of return associated with any given project.

For a single investment project, the DCF rate, "r," is de-
fined as the discount rate that equates the value of the entire
series of cash flows from the project to zero. The DCF rate, "r,"
Is uniquely determined by the configuration (time pattern, volume
and duration) of the net cash flows, "At." The rate, "r,"” has to
be determined by trial and error if the configuration, "At'" varies
over the life of the project. The rate, "r," can be determined
directly for a level pattern of cash inflows, "At,” a year for "n"
years as follows:

rel + r)n

At =C [ (1 +r )i - 1]

where

At = the net cash flows from the project at the end of year "t"
t = the time during years 0, 1, 2,..., n.

n = the project life

r = the project's internal rate of return

Co = the capital investment at time, t =0

Capital expenditures are not restricted to the initial period
but are distributed over the life of the project. For example, the
total deferred capital expenditures over the average life of a coal
mine are on the order of 1.0 to 1.5 times as great as the initial
capital investment required to open the mine. The above equation has
been expanded so it can be used to analyze such investments. The
coal model was also constructed so that such items as depletion,
depreciation and income taxes could be examined.

The concept of a DCF rate for a single project is well known
and widely used by industry to assess the profitability of a project.
It probably is the most common criterion used to measure rates of
return for theoretical purposes as the configuration of net cash
flows per unit of capital expenditures is either known or can be
estimated. On the other hand, the concept of a DCF rate for an
ongoing company or industry is not generally well understood. At
least the corresponding DCF rate is generally not known. The prob-
lem is that the profitability of an industry tends to change with

146



time. Also, an ongoing industry has no specific beginning or end.
As a result, there is the problem of determining the time period
to which the cash flows should be discounted and the cutoff point
beyond which the cash flows of future and past projects should not
be considered to affect the industry's current rate of return.
This problem as it relates to the concept of a DCF rate of an on-
going industry will be examined in the tollowing paragraphs.

First, consider the case of an industry made up of many com-
panies or projects, each of which yields the same DCF rate of return
(for example, 10 percent). Logic tells us that the industry as a
whole will make this same rate of return. The industry as a whole
will yield this 10-percent rate of return regardless of any differ-
ences in the configuration of the net cash flows from the individual
projects. This rate will be realized regardless of the time pattern
at which the projects are acquired or the practices used in account-
ing for capital and income. None of these items will change the
industry's overall DCF rate so long as the rate of return remains
the same for each project.* In this special case, the average rate
of return for the industry would remain constant over time.

The next case to be considered is that of an industry or com-
pany made up of.individual projects each generating a different
Iinternal rate of return. This industry or company is considered
to be an ongoing concern. The problem is how to determine the in-
dustry's DCF rate of return at a given point in time. The overall
profitability of the industry is constantly changing as the mix of
the companies and their various projects change.

The status of each project of which the industry is composed
falls into one of three classes--active, future and completed--dur-
ing any given period or point in time over the life of the corpora-
tion. An active project is defined as one whose project life inter-
sects the time period for which the industry's rate of return is
being determined. Such a project contributes to a change (either
positive or negative) to the industry's cash flow and net worth
during the time period being considered. A future project is one
for which the investment outlays required to bring about certain net
fund flows will not be committed until after the time period for
which the company's DCF rate is being calculated. Such a project
does not affect the configuration of the industry's cash flows dur-
ing the period considered and consequently does not affect its DCF
rate of return. A past project that no longer has an affect on an
industry's overall cash flow is classed as being completed. Because
it no longer affects the industry's cash flow, a completed project
will not affect the industry's rate of return during the period
considered. Consequently, an ongoing industry's DCF rate is deter-
mined only by those projects that are active during the time period
considered.

* E. Solomon, "Alternative Rate of Return Concepts and Their
Implication for Utility Regulation,” The Bell Journal of Economic
and Management Science, Vol. 1, No.1l (1970).
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Every industry or company generates some DCF rate of return.
In most cases this rate is not known as it tends to change with
time as the mix of the industry's individual projects change.
Nevertheless, an industry's DCF rate can be determined for a given
point or period in time 1f the configuration of the net cash flows
for each of its active projects can be calculated or estimated.

A complete analysis of calculations required to determine the
DCF rate for an ongoing industry or the average unit "value" needed
to yield a given rate of return is beyond the scope of this paper.
However, an algorithm that can be used to analyze the DCF rate of
return for an ongoing industry and a simplified example are pre-
sented in the section of this Appendix entitled "DCF Rate for an
Ongoing Industry."

The theory of a DCF rate of return for an ongoing industry
was applied to the coal model in the following manner. It was
assumed that the average coal mine has a life of 33.3 years. As
a result, the structure of the industry during any given year can
be described by 30 surface and underground mines.

The model is structured so that the initial capital costs per
ton of annual production reflects the state of technology and costs
which were estimated to exist during the year the mine was developed,
Deferred capital expenditures over the life of each mine reflect
the real costs for the year in which the equipment was purchased.
On the other hand, the model was designed so that operating condi-
tions and cash operating costs would be the same for each mine dur-
ing the same year. As a result, the overall configuration of the
cash flows from each of the active projects (mines) were calculated
for each year covered by the study. In this manner, the average
unit "values" needed to yield the three specified DCF rates of re-
turn (10, 15 and 20 percent) were calculated for each of the supply
cases (3.0-, 3.5- and 5.0-percent annual growth) over the life of
the study (1970-1985).

MODEL DEVELOPMENT AND CONSTRUCTION

Model Development

The coal model was developed in three sections. The first
part is primarily concerned with estimating the average costs of
producing coal in the United States during the period covered by
the study. The average value of coal per ton (f.o.b. mine) is
calculated in the second section of the model. The third part of
the model consists of a regression ﬁrogram that is used to calcu-
late the average coal values in each of the major coal producing
regions.

Producing Costs

_ The cost of producing coal can be broken down into cash opera-
ting costs and capital costs. Production costs were estimated
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separately for the underground and surface mines. The coal model
was designed so that the cash operating costs are the same for each
of the active projects (mines) during a given year. The capital
costs reflected the unit costs of the capital equipment during

the year it was purchased.

Operating costs were broken down as follows for estimating
purposes: (1) total cost of hourly labor (operating and mainte-
nance), (2) supervision, (3) maintenance and operating supplies,
(4) power, (5) reclamation costs at surface mines, (6) indirect
costs, and (7) fixed costs. The projections of the average cash
operating cost for underground and surface mines are presented in
Tables 1-3 and 1-4.

Capital costs were broken down as follows for estimating pur-
poses: (1) the cost of land acquisition, (2) exploration and de-
velopment costs, (3) working capital, (4) initial capital invest-
ment, (5) deferred capital expenditures over the life of the project,
and (6) salvage value at the end of the project life. The configura-
tions of the capital investments used in the coal model are de-
scribed as a function of the initial capital investment (see Tables
1-5 and 1-6) .

In order to estimate the average cost of producing coal at
underground and surface mines during a given year, it IS necessary
not only to determine the unit costs of labor, capital equipment,
power and supplies during that year, but also to estimate the
average operating conditions against which the unit costs are to
be applied. The operating conditions used in the model to estimate
production costs at the "average mine in production” and the "aver-
age new mine opened" are given for the base year--1969 (see Tables
1-7 and 1-8).

It should be noted that the values of the variables used in
this study to describe the coal industry are estimated to change
each year over the life of the study to account for the changing
average mine size, the state of technology and a number of other
factors. For example, the productivity of labor at underground
mines was 15.61 tons per man per day in 1969. It decreased to 13.76
tons per man per day in 1970.* Productivity was estimated to con-
tinue to decline to 12.60 tons per man per day in 1972 before rising
to 17.80 tons per man per day in 1985. Likewise, estimates were
made for future changes in the other major independent variables
where there was a rationale for making such estimates.

The total capital expenditures required each year to satisfy
several different supply schedules were calculated. First, the
average capital investment required to maintain a constant volume

* This is the actual productivity figure for 1970 as released
by the Bureau of Mines. Since 1970 information was not available
when the coal model was formulated, an estimated figure of 13.70
tons per man per day was used for the "price" calculations. (See
Table 1-4).
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0ST

Malor Capitalized Items

General Mine Plant
Site Preparation
Mine Buildings and Shop Equipment
Water Supply and Sewage
Surface Vehicles

Crushing, Cleaning and Loading
Crushing, Cleaning and Sampling
Storage and Loading Facilities

Electrical Power System
Main Overhead System, 69KV
Dragline and OB Drill System

Stripping Equipment
Dragline (50 Qubic Yards)
Tractors and Dozers
Drilling and Shooting 0B Equipment

Loading Equipment
Front End L oader
Dozer with Ripper
Pumping Equipment
Haulage Equipment
Trucks (3 at 120 Tons)
Road Construction and Equipment
Reclamation
Communication, Safety and Miscellaneous
Total Construction Cost
Engineering at 1%
Contingency and Sales Tax at 5%
Total Initial Capital Investment
Replacement Capital
Less 10% Trade-in Value
Total Initial and Deferred
Capital Expenditures
Land Acquisition and Explorationt
Working Capital for Two Monthst

Total Capital Coata Over Life of Mine

* These items are depreciated over the total life of the operation.

t 85% of the land will be allocated to the mine three years before startup;

Average

Life
(Years)

30*
30*
30*

30*
30*

30*

30*

15

10
10

10
15
10
10

30*

30*

TABLE 1-5

CAPITAL COSTS AT SURFACE COAL MINES
(Percent of Total Initial Capital Investment per Ton Annual Capacity)

Total Initial

Capital

Investment

0.75
5.43
1.31
2.25

5.28
3.49

1.17
0.47
94.33
0.95
4.72
100.00

57.47
(19.66)

137.81

Initial Capital Investment Replacement Capital Salvage Value

by Yr. (Yrs. Before Startup) (Yrs. After Startup) 30 Years
-4 -3 -2 -1 5 10 15 20 25 After Startup

0.75 0.00

1.20 1.20 3.03 0.48

1.31 0.00

0.75 1.50 2.25 2.25 2.25 2.25 2.25 0.23

1.56 3.12 0.47

3.12 6.25 0.94

1.87 0.19

3.75 3.75 0.38

15.92 31.8 9.55

1.17 1.17 2.34 2.34 2.34 2.34 2.34 0.23

1.59 1.59 0.16

1.45 1.45 1.45 1.45 1.45 1.45 0.15

1.17 1.17 1.17 0.12

0.19 0.19 0.19 0.02

5.28 5.28 5.28 0.53

3.49 0.47 0.47 3.49 0.47 0.47 0.30

1.17 1.17 1.17 0.12

0.47 0.47 0.47 0.05

5.88 24.47 63.98
0.50 0.25 0.20 0.00
0.30 1.22 3.20 0.00
6.68 25.94 67.38
6.51 14.79 11.12 18.54 6.51
(0.65) (1.48) (1.11) (1.85) (0.65) (13.92)
0.00 6.68 25.94 67.38 586 13.31 10.01 16.69 5.86 (13.92)

the remaining

15% will be acquired over the life of the mine.

$ A aum equal to the total cash operating costs for two months will be needed for working capital .



IS T

Malor Capitalized Items

Mine Plant-Surface
Site Preparation
Mine Openings
Belt and Track Slopes
Intake and Exhaust Air Shafts
Equipment
Mine Buildings
Water Supply and Sewage
Surface Vehicles

Crushing, Cleaning and Loadout
Crushing, Cleaning and Sampling
Storage, Reclaiming and Loadout

Electric Power-Surface
Face Equipment

General Underground Equipment
Trans. (Coal-Main Belt)
Trans. (Men and Supplies-Track)
Rock Handling
Rock Dusting
Communications Equipment
Safety and Miscellaneous
Equipment

Electrical Power-Underground
Total Direct First Cost
Field Indirect at 2%

Total Construction Cost
Engineering at %

Contingency and Sales Tax
at 2%

Total Initial Capital Cost
Replacement Capital
Less 10% Trade-in Value

Total Inital and Deferred

Capital Expenditures
Land Acquisition and Explorationt
Working Capitalf

Total Capital Costs Over Life of
the Mine

*

TABLE 1-6

CAPITAL COSTS AT UNDERGROUND COAL MINES
(Percent of Total Initial Capital Investment per Ton Annual Capacity)

Average Total Initial

Initial Capital Investment
by Yr. (Yrs. Before Startup)

Replacement Capital
(Yrs. After Startup)

Life Capital
Years Investment =4 -3
30% 1.00 1.00
30* 7.48
30* 7.81
10 6.06
30* 4.98 1.24
30* 1.85 1.85
5 1.52 0.52
30* 4.98
30* 9.97
30* 2.99 0.99
5 24.92
10 3.59
10 2.99
15 1.40
15 0.90
10 0.11
10 1.18
10 3.82
87.55 5.60
1.75 0.11
89.30 5.71
1.78 1.00
8.92 0.57
100.00 7.28
170.00
(23.94)
246.06 0.00 7.28

————— These items will be depreciated over

the total life of the operation.

t 8% of the land will be allocated to the mine three years before startup;

} A sum equal to the total cash operating coats for

two months will be used

=2

3.74
3.90
3.03
1.25
1.00
1.66
3.32
2.00

9.97

1.40

31.27

0.63

31.90

35.48

35.48

=1 _5_ 10 15 20 25
3.74
3.91
3.03 6.06 6.06
2.49

1.52 1.52 1.52 1.52 1.52

14.95 24.92 2492 24.92 2492 24.92

3.59 3.59 3.59
2.99 2.9 2.9
1.40

0.90 0.90
0.11 0.11 0.11
1.18 1.18 1.18
3.82 3.82 3.82
50.68
1.01
51.69
0.39
5.16

57.24

26.44 4419 2874 4419 26.44
(2.64)  (4.42) (2.87) (4.42) (2.64)

57.24 23.80 39.77 25.87 39.77 23.80

Salvage Value
30 Years
After Startup

0.00
0.00
0.00
0.61
0.50

0.00
0.15

0.50
1.00
0.30
2.49
0.36
0.30
0.14
0.09
0.01
0.12

0.38

(6.95)

(6.95)

the remaining 15%will be acquired over the life of the mine.

for the working capital.



TABLE 1-7

COAL MODEL PARAMETERS FOR
SURFACE MINES IN THE BASE YEAR--1969

Average Mine New Mines
in Production Opened
General Summary During 1969 1969 Units
Coal Reserves
Amount of Coal in Place 16,667,000 33,333,000 Tons
Average Thickness of Coal Seam 5.0 5.0 Feet
Tons per Acre--Foot 1,800 1,800 Tons
Total Amount of Land Needed 1,875 3,750 Acres
9% Recovery Factor (1,667,000) (3,333,000) Tons
Amount of Recoverable Coal 15,000,000 30,000,000 Tons
Mine
Productive Life of the Mine 30 30 Years
Annual Production 500,000 1,000,000 Tons
Average Number of Working Days per Year 247 247 Days
Stripping
Stripping Ratio 12.4 12.4 Cubic Yards: Tons
Equipment--Dragline Size 25 50 Cubic Yards
Number of Days Worked per Year 350 350 Days
Number of Shifts per Day 3 3 Shifts
Haulage
Haulage Distance 5.3 5.3 Miles
Equipment--Truck Size 30 120 Tons
Number of Days Worked per Year 240 240 Days
Number of Shifts per Day 2 2 Shifts
Productivity of Hourly Labor 40.7 34.2-57.0 Tons/Man/Day
Total Productivity of All Personnel 35.7 30.0-50.0 Tons/Man/Day
Coal Preparation
Mechanically Cleaned 60 60 Percent
Mechanically Crushed 45 45 Percent
Loadout for 7,000 Ton Unit Train 2,500 2,500 Tons/Hour

of coal production was estimated (O-percent annual growth). To
sustain a constant volume of coal production, an annual replacement
rate of 3 percent of the total productive capacity is needed to
compensate for those mines depleted each year. This replacement
rate reflects the fact that the average coal mine has an estimated
life of 33.3 years. Additional yearly capital investments of 4.9
percent of the initial capital investment at underground mines and
3.1 percent at surface mines are required to replace the capital
equipment depreciated each year at the producing mines Next,
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TABLE 1-8

COAL MODEL PARAMETERS FOR
UNDERGROUND MINES IN THE BASE YEAR--1969

Average Mine New Mines
in Production Opened
General Summary During_1969 During 1969 Units
Coal Reserves
Amount of Coal in Place 30,000,000 60,000,000 Tons
Average Thickness of Coal Seam 5.0 5.0 Feet
Tons per Acre--Foot 1,800 1,800 Tons
Total Amount of Land Needed 3,350 6,700 Acres
Assumed 50% Extraction 15,000,000 30,000,000 Tons
Amount of Recoverable Coal 15,000,000 30,000,000 Tons
Mine
Productive Life of the Mine 30 30 Years
Annual Production 500,000 1,000,000 Tons
Number of Working Days per Year 224 240 Days
Number of Shifts per Day 2 2 Shif ts
Daily Production 2,300 4,200 Tons
Number of Production Units 3 4 Units
Number of Spare Units Needed o 1 Unit
Number of Production Unit Shifts
per Production Day 5 8 Shifts
Productivity of Hourly Labor 17.8 17.1-28.6 Tons/Man/Day
Total Productivity of All Personnel 15.6 15.0-25.0 Tons/Man/Day
Coal Preparation
Mechanically Cleaned 60 60 Percent
Mechanically Crushed 45 45 Percent
Loadout for 7,000 Ton Unit Train 2,500 2,500 Tons/Hour

the new capital investment required to produce the incremental
coal tonnage needed to yield several different growth rates was
calculated. The incremental capital investment was determined for
three cases--namely, 3.0-, 3.5- and a S.O-percent annual growth
in coal production. Then the total weighted average capital in-
vestment required to sustain each of the specified growth cases
was determined.

The annual capital expenditures required to achieve the pro-
jected production levels are estimated to grow from $435 million
in 1970 to between $807.3 million and $1,370.9 million per year in
1985. This increase means that the coal industry must invest be-
tween $9.8 billion and $14.8 billion during the 1970-1985 period
if it is to supply the quantity of coal that will be needed. A
summary of the annual and total capital requirements is presented
in Table 17, Chapter Five.
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Cash Flow Model

A discounted cash flow model was developed to calculate the
average per ton "value" of coal, f.o.b. mine, needed to yield
rates of 10, 15 and 20 percent. The "value" of the average ton
of coal is calculated by the model in such a manner that the in-
crement between the unit "revenues' and the unit production costs
remains constant over the life of each project. An infinite

number of slopes to the unit "price" line (the line created by the
unit "price" of the coal for each year over the life of the proj-
ect) can be calculated which satisfy the DCF rate of return
equation. By calculating the unit revenue in this manner, it is
sensitive to yearly changes in production costs.

It is felt that a uniform stream of income over the life of
each project more nearly represents the economic structure of an
ongoing industry that does a model in which the unit revenues re-
quired to yield a given DCF rate are calculated such that they
remain constant over the life of the project or industry. If the
unit revenues are calculated in this manner, the result will be a
decreasing unit income pattern as the real costs of production in-
crease over the life of the industry. A declining unit income
pattern does not realistically represent the conditions which exist
In a healthy, ongoing industry composed of many companies. The
more logical pattern would be that of the level or uniform stream
of income as an industry's supply curve tends to approximate its
curve of average costs over the long term.*

Regression Model

A regression model was developed to estimate the f.o.b. mine
value of coal produced in each of the major coal producing regions
of the United States. This analysis was done on a regional basis
for six underground and three surface mining regions for which
historical data are available. The estimated values have been
shown in Table 1-2.

The regional values were determined in the following manner.
First, the historical values for the coal produced in each region
and the United States as a whole were collected for the 1960-1970
period. Next, a regression program was developed. This program
initially calculates the normal equations and generates a |east
squares estimate of the coefficients based on_a method generally
known in statistics as Doolittle's method.! The regression pro-
gram was then used to determine the normal equation for each of
the nine mining regions as a function of the U.S. average f.o.b.
mine value of coal.

* William J. Baumol, Economic Theory and Operations AnaZysis
(1965), p. 316.

t Margenau and Murphy, The Mathematics of Physics and Chemistry
(1965) .
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The normal equation and the multiple correlation coefficient
"R" are calculated for each mining region. The equations are given
in Table 1-9.

TABLE 1-9

REGRESSION EQUATION
(Estimated Values per Ton by Major Mining District)

~

Mining District Yit = a + bi (Xp¢) R;
Underground Mines N
Region 1 Y -0.0703 + 1.0461 (XlI¢) 0.9984
Region 2 Y2 -2.2604 + 1.6548 (XIt) 0.9967
Region 3 Y3 1.1490 + 0.5778 éXIt; 0.9896
Region 4 Y4 1.0580 + 1.0761 Xlt 0.9956
Region 5 Y 3.6578 + 0.4646 (XIt) 0.7268
Region 6 Y6 = 1.0622 + 1.4067 (X4) 0.9404
Surface Mines
Region 1 ¥1  -2.7502 + 1.6780 (X2t) 0.9933
Region 2 Y2  1.0764 + 0.7285 (X2t) 0.9944
Region 3 Y3 = -2.1114 + 1.5910 (X2t) 0.9879
Where:  Yit = the best estimate of the per ton mine value of coal in region
"i" during year "t."
ai = the Y-intercept of the regression line for mining region "L"
= the increase in ?A(the value of coal in region "i") for each
unit increase in X,t.
Xnt = the U.S. average f.o.b. mine value or coal for underground
mines (n=l) or for surface mines (n=2) during year "t."
Ri = the coefficient of correlation for region "L"

Model Construction

The process of constructing this model can be broken down into
four stages--defining, specifying, estimating and predicting.

First, the purpose of the model was defined. The model was
used to estimate the "price" and the cost of producing coal in the
East and Midwest. The coal industry in these parts of the country
is described best as a mature industry. On the other hand, the
coal model is not used to estimate the cost of producing coal in
the West for a number of reasons.
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In order to determine the range of "prices" vB. DCF rates
of return for coal produced by surface mining in the West, a typ-
ical surface (area) mine was defined by the Coal Task Group.
"Prices" of coal were calculated as a function of overburden/coal
ratio and are shown separately in the task group report itself.

During the second stage, the most important factors which
affect the supply and the cost of mining coal were specified.
This simply means identifying the variables which were thought to
be important to the industry's economic system. Refer to the caus-
al flow diagram (Figure I-1) to see how the different variables are
related.

The initial specification was made in the form of a number of
verbal and written concepts about different aspects of the industry.
For example, the main variables of which the capital and operating
costs were found to be a function fall into one of the following
classes: (1) economic, (2) physical, (3) technological and (4)
governmental policies. Finally, each of the verbal and written
concepts that were formulated about the coal industry's economic
structure had to be translated into the form of a number of mathe-
matical equations.

The third stage of developing the model consisted of estimating
the coefficients of the variables that were used in the mathematical
equations. Most of these values were obtained from published his-
torical data or developed from basic engineering principles. Others
were based upon empirical relationships which have been developed
and proved useful in the coal industry. In certain cases regression
analysis was used to estimate the numerical parameters. At this
stage, a distinction must be made between those variables whose
values are determined from within the model (endogenous).

Next, the model and data were developed and refined to the
point where the average f.o.b. mine "prices" could be estimated
for the base period (the years for which the values of the exogenous
variables and the average coal "prices" are known).

The final step in constructing the model was to make the pro-
jections themselves. Values were assigned to the future levels of
the exogenous variables and the average "price" of coal in the
United States was determined for each year over the period covered
by the study. After the average U.S. "price" was determined a
regression program was used to estimate the projected coal "price"
in each of the major producing regions (see Table 1-2).

In summary, this is the process that was used to construct
the coal model. It consisted of a number of equations which de-
scribe the most important aspects of the coal industry. The model
contains at least one equation for each of the unknown (endogenous)
variables. Considering the diversity of mining conditions existing
in the United States, it is not surprising to find a wide range of
"prices" projected for the different producing regions.
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SENSITIVITY ANALYSS

For part of the Coal Task Group's use of the economic model,
it was necessary to perform a number of sensitivity calculations
to evaluate the effect of different assumptions concerning certain
input factors (exogenous variables). A sensitivity analysis was
performed on the following factors: productivity of labor, income
tax rates, productivity of capital, average stripping ratio at
surface mines, average haulage distance from the mine to the tipple,
the cost of certain supply items, depreciation method, and rate of
return. Results of some of the sensitivity analysis are discussed
in the task group report.

DCF RATE FOR AN ONGOING INDUSTRY

In order to determine the DCF rate for an ongoing industry or
the "price" needed to yield a given rate of return, the following
algorithm can be used:

Step 1. Specify the exact period or point in time for which the
industry's rate of return is to be calculated. For ex-
ample, 1t might be a year or a period of years.

Step 2. Determine which projects are active during the specified
period of time.

Step 3. Calculate or estimate the configuration of the net cash
flows for each of the active projects. The configuration
of the cash flows for a single project, "P," can be writ-
ten in set notation as follows:

where
= the net cash flows generated by the project at
the end of year "t"
t = the time period during years O, 1, 2, ..., n.

Step 4. Calculate the overall configuration of the industry's net
cash flows. The total volume, time pattern and duration
of the industry's net cash flows can be found by adding
together the sequence of cash flows generated by each of
its active projects. Symbolically:

o aln]
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Step 5.

Project

No.

PI
P2

P3
p4
P5

T =[A , A A A
[ 2 3 n
and
m
A. = I a-- for j =1, 2, 3, , N
J o=l 1
where
a.. = the net cash flow generated by the active project
1] "i" during year "j" of the industry's life
p. = the i-th project of an ongoing industry that has a
1 total number of "m" active projects during the time
eriod for which its rate of return is being calcu-
ated.
n = the time period in years that is covered by the in-
dustry's active projects.
Aj = the sum of the cash flows generated by all of the
active projects during year "j"
T = the total configuration of the industry's net cash

flows in set notation.
As the configuration of the industry's net cash flows have
been determined, the industry's true DCF rate of return
can be determined as follows:
EXAMPLE

Date: An industry is comprised of five projects. The cash
flows of each project is shown in the following

tabl e:
Cash Flows
(Dollars per Year)
1 2 _ 3 4 5 6 7 8 9
-762 300 350 250 a a a a a
a a -317 100 60 75 102 a a
a a a -200 100 60 61 40 a
a a a a -97 68 40 63 a
a a a a a -50 100 125 150
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Objective: Compare the DCF rate of return that the indus-
try is making during year 5 with the DCF rate
that is generating over its entire life (years
1 through 9).

Analysis: Only projects P2, P3, and P4 are active
during year 5. The industry's overall se-
quence of cash flows produced by each of the
active projects is determined and put into
set notation.

Tg = 1 -317, -100, 63, 203, 103]

Next, calculate the industry's DCF rate of return during
the fifth year given its composit configuration of cash
flows, "TS." The rate of return, "r,” is found to be 10
percent.

On the other hand, the industry's overall configuration
of cash flows for its entire life (years 1 through 9)
are given in set notation by TI-9.

T19 = [ -762, 300, 33, 150, 63, 153, 303, 228, 150]

It can be determined that the industry is generating a
DCF rate of 15 percent over its entire life.

This example points out three facts: (1) there is only
one true DCF rate of return for an individual project, (2) the DCF
rate of return for a company or an ongoing industry can be calculated
or estimated for a given period or point In time if the configuration
of its net cash flows can be determined or estimated for this same
period or point in time, and finally, (3) the DCF rate for an

industry or company may change with time as the overall mix of its
individual projects change.

159



APPENDIX J

RAIL TRANSPORT OF COAL

INTRODUCTION AND SUMMARY

In 1969, some 560 million tons of bituminous coal and lignite
were mined in the United States. Of that total, 376 million tons,
or 67 percent, moved by rail. Forecasts of 1985 consumption of
domestically mined coal in U.S. and export markets imply a produc-
tion of 950 million to 1 billion tons. If the railroads were to
retain their historic market share, they could expect to originate
approximately 600 to 650 million tons of coal in 1985. Such
growth implies a 3.5-percent average annual increase.

Over the past decade, annual growth of rail coal traffic has
averaged 2.4 percent. Thus, there appears to be little question
as to the railroads' ability to handle this tonnage. Moreover,
the trend toward increased use of unit trains will facilitate and
encourage the shipment of increasing coal volumes by rail.

Although the railroad industry currently suffers from serious
financial problems, it is fundamentally viable. Moreover, the
railroads are so basic to the economy that the Federal Government
must find ways to underwrite their physical capabilities if such
action is required in special cases.

THE COAL-RAIL SYMBIOSIS

Coal and railroads are critically interdependent. The rails
are the leading transporter of coal, and coal is the most impor-
tant commodity moving by railroad.

In 1969, the average value of a ton of coal, f.o.b. mine,
was $4.99 while the average rail freight revenue per ton of coal
originated was $3.11, or 62 percent of its pit-head value. Figure
J-1 details the trend of coal value and rail freight revenue since
1960. Although the rail costs of coal transport may appear high
in relation to value, they have in fact declined significantly
over the long run. In 1928, rail revenues stood at 122 percent of
coal value.* Recent trends in coal prices and increased use of
bulk shipments and rates should reduce this margin still further.
However, transportation costs are obviously a most significant
factor in the ultimate price of coal, and they playa central role
in determining coal's competitive position in many energy markets.

* Interstate Commerce Commission (ICC), Finance Docket No.
23832 et al., Witness G. A. Sandmann, Exhibit No. A-16, Appendix
42.
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Figure J-1. Comparison of Bituminous Coal and Lignite Rail Freight
Revenue and Value (Mine) per Ton.

The economics of rail transportation favor the high volume
carriage of bulk commodities such as coal. In 1969, |labor costs
accounted for $ .59 of the total railroad expense dollar. Be-
cause the input of railroad labor relative to tonnage is very low
for coal, especially if shipped in unit trains, it 1S an attrac-
tive traffic to railroad management, and the service can be of-
fered at a relatively low cost. Furthermore, nearly all railroads
suffer from excess capacity of fixed plant. To the extent that
coal traffic can alleviate this excess and in the process provide
revenues adequate to cover the out-of-pocket cost of the coal
shipment plus some contribution to fixed costs, it is also wel-
comed by the railroads.

Over the past decade, Class | railroads have originated an
average of 70 percent of all U.S. coal production, as shown in
Table J-1.* Although the rail share has fallen slightly because
of water and truck competition, large-scale diversion to other
modes appears economically infeasible. However, mine-mouth gen-
eration, which obviates the need for coal transportation, is ex-
pected to rise.

* Data on Class Il railroads are unavailable; their inclusion
would increase the rail share above that shown in Table J-I.
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TABLE J-1

COAL ORIGINATIONS ON CLASS | RAILROADS
AS A PERCENT OF TOTAL DOMESTIC PRODUCTIONS
1960-1969*

Million Tons

Production of Rail Rail as

Bituminous Tons Percent of

Coal and Lignite Originated Production
1960 415.5 304.5 73.3
1961 403.0 296.9 73.7
1962 422.1 312.2 74.0
1963 458.9 331.7 72.3
1964 487.0 345.0 70.8
1965 512.1 352.6 68.9
1966 533.9 367.5 68.8
1967 552.6 376.7 68.2
1968 545.2 371.7 68.2
1969 560.5 376.3 67.1

* Bureau of Mines, Minerals Yearbook, 1966 and 1969; |Interstate
Commerce Commission, F eight Commodity Statistics, 1960-1969.

For many years, coal has ranked first among all commodities
in rail traffic and revenues. Its importance is contrasted with
the contributions of other leading commodities in Figure 3-2,
which shows that in 1969 coal contributed 10.8 percent of total
rail greight revenues and 25.6 percent of all freight tons orig-
inated.

TRENDS IN COAL TRANSPORT BY RAIL

Both carloads and originated tons of rail coal declined be-
tween 1948 and 1961, as depicted in Figure 3-3. Subsequently,
originated carloads remained nearly constant, while tons orig-
inated increased, so that by 1969 the 5 million carloads and 376
million tons of rail coal represented increases of about 6 and 27
percent, respectively, over 1961.

Export Markets

Overseas and Canadian markets have increased from 30 million
tons in 1960 to over 65 million tons in 1970 (Table 3-2). In
1970, over 11 percent of all coal shipments were exported. Highly
intensive distribution systems have been established from the coal
fields to Hampton Roads for overseas exports and to the lower
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Figure J-2. Contribution of Coal and Other Selected Commodities to
Total Rail Freight Revenues and Traffic--1969.

Great Lakes ports of Ashtabula, Conneaut, Sandusky and Toledo for
Canadian exports. In the case of Conneaut, Ashtabula and Sandusky,
the presence of modern ground storage, reclaiming and transship-
ment facilities has brought above near maximum realization of bulk
transport potential. On the other hand, the situation at Hampton
Roads, discussed later in this Appendix, presents a different

picture.

Unit Trains

Locomotives and cars exclusively devoted to coal which move
in regularly scheduled operations between one origin and one
destination--in conjunction with bulk rate tariffs, typically
specifying minimum annual tonnages and often providing for inverse
price variation with volume--have considerably enhanced coal's
competitive posture over the past decade.*

The benefits of unit train operation are widespread:

~ * Bureau of Mines, Unit Train Transportation of Coal, Infor-
mation Circular 8444 (1970).
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Figure J-3. Indices of Bituminous Coal Originated by Class |
Railroads--1948-19609.
TABLE J-2
U.S. EXPORT COAL--OVERSEAS AND CANADA*
(Thousands of Export Tons)
Canada
Overseas Electric Utility M etallurgical

1960 24,818 174 4,715

1961 23,780 122 5,257

1962 27,041 1,169 5,042

1963 33,317 2,483 5,652

1964 33.733 3,175 5,547

1965 34,746 4,001 5,292

1966 33,527 4,506 5,854

1967 34,174 4,932 5,513

1968 33,998 5,661 6,698

1969 39,361 6,577 6,449

1970 51,766 8,310 7,220

Lignite Distribution,” 1960-1970.

* Bureau of Mines, Mineral Industry Surveys, "Bituminous Coal and
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« For coal producers, long-term contracts permit larger
capital investment, cutting production costs

« For railroads, better equipment utilization and more in-
tensive use of plant enhance competitive position vis-a-
vis other modes

« For the coal consumer, unit trains lower fuel costs and
provide for a more stable fuel supply.

It has been estimated that unit train coal shipments have a
rate advantage from 25 to 40 percent under conventional trains
(the larger reductions have been attained with shipper-owned
equipment) and that the savings in fuel costs to electric utili-
ties due to unit train use may be as much as $100 million per
year.*

Reliable statistics on the amount of coal that moves in unit
trains are not available. Estimates provided the Bureau of Mines
by coal producers are set out in Figure J-4 and indicate that unit
train shipments of coal have increased by 20 million annual tons
in the 1967-1969 period. Other estimates put unit train partici-
pation in the haulage of coal at 50 percent or more.t Divergence
INn estimates rests mainly on differing definitions of unit train
operations.

TRENDS IN RAIL PRODUCTIVITY

Some significant gains in railroad productivity have been
made during the past decade.

Operations

Since 1960, car utilization as measured by average daily
freight car-miles per car, has increased over 20 percent, from
45.7 in 1960 to 55.3 in 1969. Only a small fraction of this im-
provement is attributable to higher freight train speeds, which
Increased only 3 percent from 19.5 to 20.1 miles per hour between
1960 and 1969.

In rail coal, specific productivity gains have centered on
the operation of unit trains and ancillary shipping and receiving
facilities. Larger capacity cars with higher payload/tare ratios

* "To Eat and Keep Warm," Transportation and Distribution
Management (March 1971).

t Lewis K. Sillcox, "Establishing Railway Excellence,” Speech
Presented Before Northwestern University, Chicago, Illinois, March
19, 1970; "To Eat and Kegp Warm," Transportation and Distribution
Management (March 1971).
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have been designed especially for coal shipments. Automated
loading and weighing facilities have been built at coal origins.
Rotary car dumpers or rapid discharge hopper cars transfer coal

to ground and silo storage complexes from which coal is reclaimed
as needed. The importance of efficiency gains in other than line-
haul rail transport weighs heavily.

In terms of increased car utilization, "[I]t is not unusual
in unit-train operations today to obtain 10 to 15 and even more
loads a month from a single car when the handling of the same
commodity in regular service produced only two to three loads a
month and sometimes not even that."*

Labor Performance

Enhanced utilization of railroad labor has resulted from im-
proved operating practices and new investment. Table J-3 indi-
cates that revenue ton-miles per employee had risen over 80 per-
cent between 1960 and 1969 for railroads in general and had gained
66 percent on the coal-carrying roads. Although the percentage
gain for the latter is less than that for all railroads, the coal
roads actually,had a larger absolute gain in revenue ton-miles
per employee in the 1960-1969 period.

Plant

Another gain in railroad productivity relates to the use of
plant, as measured by miles of track and net investment. Between
1960 and 1969, revenue ton-miles per mile of track grew 42 per-
cent, and revenue ton-miles per dollar of net investment rose 33

percent (see Table J-4).

RAIL INDUSTRY ASSESSMENT
Economics

Railroad economics is grounded in sunk costs. Although new
mine spurs may be built, they are implicitly justified only by
the existence of a national network with rail access, as need
arises, to extant and foreseeable markets. The continued ability
of the rail industry to serve an expanding coal market rests upon
this national system in being, which has a pervasive influence
upon railroad costs and pricing.

As constituted, the system has a substantial amount of in-
vestment that serves no present economic purpose. In the last
decade, total track-miles have been reduced by some 14,000, with

* American Association of Railroad Superintendents, Advan-
tages and Disadvantages of Unit Trains, Report of Committee NoO.5,
Washington, D.C., June 17-19, 1969.
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TABLE J-3

TREND OF LABOR PRODUCTIVITY

ALL CLASS | AND SELECTED COAL RAILROADS*

Revenue Frt.

t 1960=100

Maryland.

t Baltimore and Ohio, Chesapeake and Ohio, Chicago and Eastern
Illinois, Clinchfield, Louisville and Nashville, Norfolk and Western

Ton-Miles No. of R.T.M. per Employee
(Thousand) Employees Number I ndext
All Class | Railroads
1960 572,309 780,494 100
1961 563,361 717,543 107
1962 592,862 700,146 U5
1963 621,737 680,039 125
1964 658,639 665,034 135
1965 697,878 639,961 1,090,501 149
1966 738,395 630,895 1,170,393 160
1967 719,498 610,191 1,179,136 161
1968 744,023 590,536 1,259,911 172
1969 767,847 578,302 1,327,796 181
Selected Coal Railroadst

1960 116,505 120,696 100
1961 111,419 110,149 1,0U,530 105
1962 119,157 108,839 1,094,801 113
1963 129,772 107,405 1,208,249 125
1964 132,747 105,307 1,260,571 131
1965 148,099 102,648 1,442,785 149
1966 152,825 102,022 1,497,961 155
1967 150,425 100,735 1,493,274 155
1968 151,683 98,894 1,533,794 159
1969 155,754 97,142 1,603,364 166

* ICC, Transport Statistics »n The United States, 1960-1969, and Wage
Reports (Form A and B)

concurrent improvement in efficiency of the remainder by wider

installation of Centralized Traffic Control
signal system, as detailed in Table J-5.
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TABLE J-4
PRODUCTIVITY OF RAIL PLANT*

Revenue Freight Ton-Miles per
Dollar of Net

Mile of Trackt Investment
Number Index:j: Number Indext
1960 1,596,310 100 21 100
1961 1,583,151 99 21 100
1962 1,680,719 105 23 110
1963 1,770,962 111 24 114
1964 1,897,510 119 25 119
1965 2,020,363 127 27 129
1966 2,146,491 134 27 129
1967 2,106,882 132 26 124
1968 2,189,713 137 27 129
1969 2,271,719 142 28 133

* Association of American Railroads, Statistics of
Railroads Of Class | in the U.S., Years 1959-1969 (August
1970); Yearbook of Railroad Facts (1970).

t Total miles of track, including multiple main tracks,
yard tracks and sidings, owned by both line-haul and switch-
ing and terminal companies.

+ 1960=100

TABLE J-5

IMPROVEMENT OF EFFICIENCY OF TRACK MILES*

Total Miles of Miles of Ratio CTC
Main Track CIC to Total
1960 254,860 35,997 0.14
1965 243,869 44,025 0.18
1966 243,220 44,758 0.18
1967 242,465 48,891 0.20
1968 241,870 48,984 0.20
1969 240,982 50,000 0.21

* Association of American Railroads, Yearbook of Rrailroad Facts
(April 1970); Interstate Commerce Commission, Transport Statistics
in the United States, (1960 and 1965-1969).
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However, excess capacity remains a serious problem, and the
current trend is towards accelerated disinvestment. Nevertheless,
retention to 1985 and beyond of economically justified rail plant,
including most trunk routes and branches serving active coal
sources and markets, is certain.

Railroad survival and prosperity are hinged on several fac-
tors, which are discussed in the following sections.

New |nvestment

Poor earnings in recent years have limited the ability of
the railroads to make needed investment in new plant and equip-
ment. This development has not, however, had any noticeable
effect on investment related to coal shipments. In numerous
cases, new investment in coal cars and in shipper/receiver rail
related facilities has come from non-railroad sources, principally
electric utilities.*

Investment in facilities for loading export rail coal has
been intensive at the Ports of Conneaut, Ashtabula and Sandusky.
Their automated plants feature stacking-reclaiming to and from
ground storage and high-speed vessel loading. Taken together with
older ports, the rail/Great Lakes interface should be adequate to
serve forecast Great Lakes export coal tonnage.

At Hampton Roads some new investment has been made, but the
exclusion of the larger bulk carriers from the port apparently
precludes further large-scale new investment.

Because of the large increases in overseas sales of U.S. ex-
port coals as projected to 1985, there is concern as to the ade-
quacy of Hampton Roads to handle the growing coal traffic. A
possible solution to this dilemma is the proposal to construct a
deepwater bulk cargo transshipment port at Lorneville, New
Brunswick, Canada. This port would receive U.S. export coal from
Hampton Roads in 75,000 ton shuttle ships and discharge it into
250,000 ton bulk carriers for onward movement to Japan.t Another
possibility is the proposed construction of an island in Delaware
Bay which would permit loading and unloading of giant ships of the
new ore, bulk, oil (O.B.0O.) class. These vessels require up to
75 foot minimum depths for their 250,000 deadweight ton (DWT)
size.+

* " Unit Trains: The Reason for Coal's Comeback," Ra<lway
Gazette International (February 1971).

t "Decision Is Likely on Transshipment Port Project,"” The
Globe and Mail (Toronto) (January 15, 1971).

¥ "New Island Urged as Giant-Ship Port in Delaware Bay," The
New York Times (February 1, 1971).
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Productivity

Productivity has recently improved, but the comparison in
Table J-6 suggests that much more could be accomplished, especially
with respect to open top hopper (coal-carrying) cars. In 1968
all such cars, in both carrier and shipper ownership, spent only
28 days per year (7.7 percent of the time) in line-haul service
(loaded and empty movement in trains), as opposed to 49 days for
other freight cars. The data on hopper car use reflects, of
course, 1968 unit train operations; increased use of unit trains
IS expected to improve hopper car utilization in the years ahead.

TABLE J-6

FREIGHT CAR UTILIZATION
OPEN TOP HOPPER VERSUS ALL OTHER FREIGHT CARS

1968*
Open Top All Other
Hoppers Freight
(General Service) Cars
Cars in Service
(12/31/68) 371,749 1,082,134
Car-Miles (Thousands) 4,293, 259 25,531,917
Average Freight Train
Speed in Line-Haul
Service (mph)t 17.4 20.4
Days per Year in Line-
Haul Service 28 49
Percent of Time in Line-
Haul Service 7.7 13.4
S

Association of American Railroads, Statistics of Railroads Of Class |
in the United States, 1959-1969 (August 1970) and Yearbook Of Railroad Facts
(April 1970); ICC, Ratios of Empty to Loaded Freight Cars-Miles by Type of
Car and Performance Factors for Way, Through and ALl Trains Combined, Class
| Line-Haul Railroads, Calendar Year 1968, Statement No. 6-69 (Septenber 1969).

t Eastern District Average used for Hopper Cars to approximate average
coal train speeds; U.S. average used for all other freight cars.

A substantial portion of existing coal cars are older SO and
70 ton hoppers, which are not only expensive to maintain but also
have a high tare (empty weight) to net ratio. The trend in new
equipment is toward the use of lightweight, maintenance free mater-
Iial(’j' 100 ton capacity, and designs for automated, high speed un-
oading.

Locomotive manufacturers are producing units with greatly in-
creased horsepower ratings at less than proportionate increases
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in price. A decade ago the typical locomotive unit was rated at
1,500 to 1,800 horsepower. Today 3,000 to 3,300 horsepower units
are common and 3,600 horsepower units are not unusual. Such loco-
motives are particularly attractive for the line-haul movement of
coal involving heavy loads at moderate speeds.

Productivity gains from replacement of old equipment are ex-
pected to continue, with particular impact on coal traffic from
increased use of unit trains.

Among the other influences and forces which are now at work
to project into the future the efficiency trends already exper-
ienced are--

* Reduction in the number of separately operated companies
by merger, acquisition of control or directed inclusion

* Introduction of automatic freight car identification
* Interline transmission of electronic computer data

* More widespread use of interdivisional runs and reduced
crew consists.

Car Supply

Most coal is shipped in open top hopper cars and, conversely,
coal is the leading commodity, as to tonnage and revenue, |oaded
in such cars. Since 1960 the number of these cars and their
aggregate capacity has declined. Table J-7 indicates that the
decline in the number of open top hoppers in the 1960-1969 period
has been largely offset by an increase in average car capacity,
with many newly built cars having 100 ton payloads.

The recent shortage of coal cars is considered to be tempor-
ary, a situation flowing from an unprecedented and unanticipated
surge in coal demand, created in turn by shortfalls of other energy
sources. In the long run, aggregate car supply is not expected to
be a problem in the railroads' future ability to handle projected
coal shipments. The process of providing a satisfactory car supply
will, however, be an uneven one. It may, at almost all times, be
expected that the railroads will be unable to fully satisfy the
car supply requirements of individual coal shippers or of classes
or groups of such shippers. Continuing litigation on ramifications
of this issue will characterize the future as it has the past.
Examples of pertinent current litigation are Interstate Commerce
Commission Docket No. 12530 "Assigned Cars for Bituminous Coal
Mines" and No. 35188, "Harlan County Coal Operators’ Association,
et al veB. Louisville and Nashville Railroad Company.” In any
short-term shortage, the railroads could face a dilemma in alloca-
tion of available cars between domestic and export consignments.

It is likely that, in common with coal producers, the rails will
make every effort to accommodate both markets, avoiding the pain-
ful choices forced by inadequate car supply.
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TABLE J-7

OPEN TOP HOPPER CAR FLEET AND CAPACITY*
CLASS | RAILROADS

Open Top Hopper

Cars (Capacity) Index (1960=100)
Aqggregate Per Car Capacity
Number  (Thousand Tons) (Tons) Number Aggregate Per Car
1960 480,445 29,105 60.6 100 100 100
1961 462,149 28,075 60.7 96 9% 100
1962 440,368 26,981 61.3 92 93 101
1963 431,712 26,755 62.0 0 92 102
1964 431,791 27,719 64.2 0 95 106
1965 425,236 27,894 65.6 89 9% 108
1966 422,546 28,404 67.2 88 98 1
1967 415,275 28,787 69.3 86 9 114
1968 403,201 28,454 70.6 84 98 117
1969 388,609 27,954 71.9 81 9% 119

* Association of American Railroads, Statistics of Railroads oOf Class |
in the United States, Years 1959-1969 (August 1970).

Hampton Roads

A relatively heavy cost is borne by shipments of export coal
to Tidewater because of the meticulous demands of the overseas
customers of U.S. exports for particular blends of metallurgical
coal. Neither shippers nor carriers have developed ground storage
facilities to cope with these demands. Hence, many cars are de-
tained at port to serve as storage until particular orders are
filled. Recent action has alleviated this problem. On September
1, 1970, the Norfolk & Western and Chesapeake & Ohio instituted a
"Permit System" which requires export coal shippers to name a
vessel and its estimated time of arrival at the port before cars
are made available. The success of this program can be illustrated
by the fact that the number of hoppers free on line (ready for
loading) on the Norfolk & Western has increased from 13,000 to
18,200 cars during the past year.*

Competition

Intermodal competition has eroded much of the railroads' his-
toric traffic base, especially of high rated commodities. Although

* Interview with Lawrence T. Forbes, Vice President, Coal &
Iron Ore Traffic, Norfolk &Western Railway Company, March 23,
1971.
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this trend has subsided in recent years, experienced losses have
impaired the financial viability of many roads. The emergence of
extra high voltage (EHV) transmission lines and solids pipelines
will divert substantial additional coal tonnages from the railroads.
In the past, the railroads have made a number of successful rate
concessions to counter competition.

The trend of intermodal competition is set out in Figure J-5,
with no significant change expected through 1985. The most severe
threat to the railroads will be from mine-mouth power plants,
which eliminate coal transport altogether. The use of these plants
IS expected to rise primarily due to the increasing need to reduce
air pollution in maor urban centers. Coa slurry pipelines, used
In special situations which preclude economic railroad operation,
will have a more limited impact.

Regulation

Railroad regulation was designed to check monopoly power.
Today the monopoly has evaporated but regulation remains. Regu-
latory relaxation is a popular concept. Various proposals have
been offered:

The Interstate Commerce Commission's efforts to elimin-
ate price cutting among truckers, railroads, and barge-
lines is a classic example of the attempts to curb com-
petition through regulation. The original justification
for regulation-- that railroads were monopolistic-- has
lost much of its validity since there is now consider-
able competition from other modes of transportation,
although the shippers of some bulk commodities are still
heavily dependent on rail transportation. Yet the ICC
must continue to operate under the mandate of past
transportation acts. Greater reliance on the market
would be beneficial to transportation, but, in view of
long established practices, this would have to be ap-
proached gradually. Except for predatory pricing to
drive competitors from a market, which is prohibited
under antitrust law, many transportation rates could
safely be allowed to find their own level through com-
petition. A policy of permitting and encouraging com-
petition of all kinds would, if general economic exper-
lence is any guide, make the industry more efficient as
well as benefit the public. *

Total deregulation is generally opposed by the railroad in-
dustry which is said to favor combining the existing regulatory
agencies--the Interstate Commerce Commission (ICC), the Civil
Aeronautics Board (CAB) and the Federal Maritime Commission (FMC)

* Economic Report of the President, Washington, D.C., 1970.
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--into a single entity.* It is important to stress that deregu-
lation is being urged primarily where competition prevails. Coal
and other commodities captive to rail transport can doubtless

rely on relevant regulatory protection throughout the foreseeable
future, with all which that implies as to rate structure stability.

It was once widely believed that mergers held the key to

railroad improvement, but recent experience has not supported that
view.

Seasonality

Except for the annual effect of the United Mine Workers
vacation-based mine shutdowns each July, seasonality exerts
relatively little influence on coal shipments. Figure J-6 graph-
ically portrays monthly coal carloadings in 1969 and 1970. To
some extent, seasonality has affected Great Lakes markets where
lake vessel operations cease during winter months. However, two
or three important lower Lake Erie ports have adequate ground
storage; they can and do receive year-round rail shipments.

ABILITY TO SERVE THE PROJCTED 1985 COAL MARKET

As estimated in Table J-8, approximately $7 billion will be
required for coal-carrying cars and associated motive power by
1985.

The railroads contend that their capital needs cannot be
generated from internal sources even when supplemented by heavy
borrowing. They call for increased government involvements as
follows:

» Railroads must be exempted from local property taxation.

» Federal safety assistance programs for highway-rail grade
crossings must be materially stepped up.

 Federal funds are necessary to help modernize the rail-
roads' right-of-way.

* Congress should assist in the railroads' efforts to assure
an adequate equipment supply.t

If present railroad financial difficulties continue, the
Federal Government will undoubtedly provide some assistance. It

* "Rails Generally Opposed to Total Deregulation,” The
Journal Of Commerce (February 8, 1971).

t America's Sound Transportation Review Organization (ASTRO)
The American Railway Industry: A Prospectus (June 30, 1970).
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TABLE J-8

ESTIMATES OF EXPENDITURE
FOR COAL-CARRYING CARS AND ASSOCIATED LOCOMOTIVES

BY CLASS |

U.S. RAILROADS

Line Source or
No. Amount Derivation
1 Projected Rail Movement of

Coal in 1985 (Tons) 600,000,000 Estimated
2 Rail Coal Carloads 6,000,000 100 Tons Average

per Car

3 Assumed Average Turn of

Largely Unit Train

Traffic (Days) 10 Estimated
4 Days per Year After Allowance

for Mine Vacations, etc. 330 Estimated
5 Number of Turns per Year 33 Line 4 = Line 3
6 Number of Cars Required 182,000 Line 2 + Line 5
7 Number of Cars Including

10-Percent Spares 200,000 1.10 x Line 6
8 Cost of Cars $4,000,000,000 $20,000 x Line 7
9 Number of 100 Car Train

Sets Including Spares 2,000 Line 7 + 100
10 Number of Locomotive Units 10,000 Line 9 x 5
11 Cost of Locomotive Units $3,000,000,000 $300,000 x Line 10
12 Cost of Cars and Locomotives--

1985 $7,000,000,000 Line 8 + Line 11

has no practicable alternative but to assure the continued rail-
road transportation of coal. Coal supplies are an absolute
necessity for the generation of electricity, and the contempla-
tion of widespread blackouts is unacceptable. A policy of unin-
terrupted service has been manifest from several governmental
responses to railroad strike threats.

There seems no reason to doubt that modern rail plant and
equipment, adequate to meet projected coal transport requirements,
will be available. Rail transport will be generally satisfactory
through 1985 not only for existing coal consumers but also for new
markets which may develop, as recently demonstrated in several
western coal fields.
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APPENDIX K

WATER TRANSPORT OF COAL

Water transportation of bituminous coal has developed into a
major component of the U.S. energy distribution system. As the
gateways and channels in the U.S. energy supply during the re-
mainder of the 20th century, waterways and harbors will be able
to accommodate the rising demands being placed upon them only by
enlargement and modernization of channels and navigation works.
While this necessity is equally urgent with respect to the supply
of crude oil, gasoline, fuel oil and other petroleum fuels, this
paper confines attention to bituminous coal.

MAGNITUDE AND IMPORTANCE OF WATER TRANSPORTATION OF COAL

Projection of Tonnage of Waterborne Coal

An increase in domestic waterborne carriage of bituminous
coal from 153.0 million tons in 1969 (the latest year reported)
to over 220 million in 1980 appears a reasonable expectation.
Most of this increase will consist of the rapidly growing move-
ment on rivers and canals, which now constitutes most of the
waterborne total and the most rapidly rising segment. Table K-I
summarizes waterborne coal movements from 1955 through 1969, with
projections for 1980 and 1985. The projections of U.S. consump-
tion are those of the Demand Group of the NPC's Coal Task Group.

It will be noted in Table K-I that in 1969 domestic water-
borne movements constituted 30.2 percent of total U.S. coal con-
sumption. While coastwise, lakewise and local harbor tonnages
had all undergone some net reduction from the 1955 level, they
amounted in 1969 to an aggregate of 49.6 million tons.* On the
other hand, internal (river and canal) movements rose by 44.6
percent from 1955 to 1969, amounting in the latter year to 103.4
million tons.t

With respect to lakewise and local movements, the projections
of Table K-l may be moderately on the high side. However, total
coastwise movement may be sustained or increased in the future by
the rising tonnages carried coastwise from the New Orleans area
to other Gulf ports. The Gulf coastwise movement rose from 0.6
million tons in 1960 to 3.1 million in 1969. With respect to in-
ternal movements, the projections may be well too low. They as-

* Coastwise denotes deep-draft domestic movements on the open

oceans; Lakewise denotes deep-draft domestic movements on the
Great Lakes.

t Internal denotes shallow-draft barge movements on rivers,
canals and intracoastal waterways.
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TABLE K-I

U.S. CONSUMPTION OF BITUMINOUS COAL AND
BITUMINOUS COAL WATERBORNE IN U.S. DOMESTIC COMMERCE

Total U.S.

Domestic Waterborne Coal--Long-Haul* Local Coal Total
Consump- Coastwise Lakewise Internal Total Long-Haul Movements Waterborne Coal
tion--Tonst Tons Tons Tons Tons Tons Tons
(Thousand) (Thousand) % (Thousand) % (Thousand) _%  (Thousand) % (Thousand)  _% (Thousand) %
423,412 9,784 2.3 39,612 9.4 71,505 16.9 120,901 28.5 18,913 4.5 139,814 33.0
380,429 7,622 2.0 36,099 9.5 73,345 19.3 117,066 30.8 15,164 4.0 132,230 34.8
459,164 10,048 2.2 39,847 8.7 92,424 20.1 142,319 31.0 14,326 3.1 156,645 34.1
507,275 7,648 1.5 30,882 6.1 103,400 20.4 141,930 28.0 11,105 2.2 153,035 30.2
734,000 14,700 2.0 44,000 6.0 149,700 20.4 208,400 28.4 16,100 2.2 224,500 30.6
863,000 17,300 2.0 51,800 6. 176,000 20.4 245,100 28.4 19,000 2.2 264,100 30.6

* U.S. Department of the Army, Corps of Engineers, Waterborne Commerce Of the United States, Part 5 (Respective Y ears).
t U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook, 1969 (Preprint--1971) p.l. Projections by the Coa Task Group.

t+ Projected.



sume that the internal movements will remain at 20.4 percent of
total U.S. consumption. This percentage, however, rose from 16.9
in 1955 to about 20.0 percent in 1962, and since 1962 it has con-
tinued to rise although more gradually. Should the rise in the
percentage of internal movements in the U.S. total continue, the
tonnage carried internally in 1980 would, of course, exceed the
149.7 million tons projected--a development which is not unlikely.

Waterborne Coal as a Contributor to Railroad Haulage

The capability of the navigation system also influences the
coal-carrying potential of U.S. railroads. In 1969, about 63.4
million tons of coal--18.5 percent of the railborne total destined
for domestic consumption--was joint rail and water movement.* This
excludes tidewater and lake exports, practically all of which also
move via rail connections at deepwater ports. Including exports,
the rail and water tonnage was 29.8 percent of the total carried
by rail.

Virtually all of the Atlantic coastwise movement of coal
originates by rail, the largest portion transshipped at Hampton
Roads, Virginia, for New England and other coastal destinations.
In addition, most of the coal shipped on the Great Lakes to
Michigan, Wisconsin and Minnesota ports originates by rail, and
at the upper lake ports large tonnages are transshipped by rail
to inland consuming destinations.

The largest tonnages shipped jointly by rail and water, how-
ever, move on the rivers and canals. In 1969, the joint rail and
river barge movement amounted to about 34 million tons, out of a
total of 103 million tons carried by barge. AIll of the coal
shipped by barge from the Illinois shore of the Mississippi River
originates inland by rail. The average rail distance to the river
iIs about 50 miles. This movement grew from 4.9 million tons in
1960 to 6.4 million in 1969, an increase of about 31 percent.t

Again, since 1960, a growing portion of the metallurgical
coal used in the Pittsburgh steel district is delivered by rail-
barge from the area southeast of Huntington, West Virginia. Rail
distances to the Ohio River are as much as 150 miles. This up-
stream movement grew from 3.5 million tons in 1960 to 6.8 million
in 19609.

* Calculated from: U.S. Department of the Interior, Bureau
of Mines, "Coal--Bituminous and Lignite, Minerals Yearbook. 1969."
(Preprint--1971), p. 47; U.S. Department of the Army, Corps of
Engi)neers, Waterborne Commerce of the United States (1969 and
1971) .

t Unless otherwise indicated, waterborne tonnages cited here-
in are as reported by U.S. Department of the Army, Corps of En-
gineers, Waterborne Commerce of the United States (Respective
Annual Issues).
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Coal originated on the Monongahela River rose from 22.1 mil-
lion tons in 1960 to 28.4 million in 1969. While a portion of
this increase is accounted for by rising consumption of riverbank
electric generating stations in the Pittsburgh area, another large
portion consists of coal transshipped by rail to inland destina-
tions in northern Pennsylvania and Ohio and to lake ports. Other
illustrations of the rising portion of internal waterborne coal
originating or terminating by rail could be cited. It should be
emphasized, therefore, that the prospects for railroad coal haul-
age rest to a significant and growing degree on navigation capa-
bility of rivers and harbors.

The Influence of Unit Trains and High Voltage Transmission on

Water Carriage

Improvements in railroad efficiency restrain the growth of
waterborne movement in some instances and enhance it in others.
Unit train movement from southern lllinois, for example, displaces
a portion of the growth of waterborne tonnage on the Illinois
River. On the other hand, unit trains connect with barge ter-
minals to render feasible certain rail-water coal movements which
would otherwise be less competitive.*

Similar observations may be made with respect to long-dis-
tance transmission of electric energy. In some instances, high
voltage transmission from mine-mouth generating stations directly
to service areas may displace what would otherwise be an expansion
in waterborne coal tonnage. On the other hand, high voltage
transmission induces the location of new generating capacity on
navigable rivers for receipt of coal by barge and transmission of
energy to inland service areas.

The 1962-1967 period may be taken as one of increased long-
distance transmission of electric energy. However, during this
5-year interval, the coal received annually by barge at generating
stations on the Ohio River and its navigable tributaries (exclud-
ing the Tennessee and Cumberland Rivers) increased by 3.6 million
tons.t Generating stations on the Ohio River between the city
of Louisville, Kentucky, and the Ohio-Pennsylvania border have a

total capacity of 17,000 MW, of which 12,000 MW are used to serve

remote load areas. A large portion--probably most--of the coal
consumed by these stations is waterborne.

Therefore, it may be concluded that the media of unit trains
and high-voltage transmission are both a stimulus and a restraint
to the waterborne movement. In net effect, these media do not

* See, for example, U.S. Department of the Interior, Bureau
of Mines, Unit Train Transportation of Coal, 1C8444 (1970), p. 90.

t The Ohio Valley Improvement Association, Cincinnati, Ohio,
Survey of 1968.
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appear to alter substantially the outlook for growth of waterborne
coal tonnage.

Waterborne Coal as a Medium for Conserving Less Abundant Fuels

Water transportation of bituminous coal is especially valua-
ble to the U.S. energy supply because it permits economical long-
haul movement. On the one hand, coal is the only primary energy
source available in abundance. Reserves of petroleum and natural
gas are relatively more limited, and large quantities are imported.

However, offsetting this abundance, coal is the most expen-
sive fossil fuel to transport. In 1968, the average railroad
freight charge per ton of coal was $3.01, equal to 64.5 percent of
the mine value.* The country's readily available coal reserves
of high quality are concentrated in the Ohio River Basin and
southern and central Illinois. In 1969, this region produced 82.9
percent of all the coal in the country.t In consequence, most of
the remainder of the country, including all coastal regions and
the entire west beyond the Missouri River, is deficient in eco-
nomical access to this most abundant of fuels excepting where low
cost water transportation connects the consuming areas with the
Illinois-Ohio River Basin (hot considering coal gasification or
liquefication) .

Costs for water carriage of coal are much less than for rail
or truck. The 1965 average rail charge for coal haulage was 9.9
mills.+ Large-volume, steady coal movements on the inland rivers,
by contrast, commonly cost only 2.5 mills per ton-mile, and the
average is probably about 3.0 mills.8 The service characteristics
of water transportation are well suited to bulk commodities such
as bituminous coal, and all U.S. navigable waterways, excepting

the Mississippi River north of Alton, Illinois, the Missouri
River, and the Great Lakes are fully navigable for 12 months every
year. In consequence, the waterway system provides for low cost

* National Coal Association, Bituminous coal Data (1970),
p. 73.

t U.S. Department of the Interior, Bureau of Mines, Minerals
Yearbook, 1969, (Preprint--1971), p. 9.

+ U.S. Department of the Interior, Bureau of Mines, Transpor-
tation of Mineral Commodities on the Inland waterways of the
South-Central States, IC 8431 (1969), p. 18.

8 The charges for barging coal on certain tributary rivers
where congestion in obsolete navigation facilities is serious are
privately reported to be as high as 7.0 mills per ton-mile, the
highest reported. These charges may be expected to decline sub-
stantially as modern navigation facilities are brought into ser-
vice.
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delivery of coal to distant markets which are beyond economical

reach by rail or truck. It is noteworthy that barge movement of
coal is less costly in terms of cents per million BTU's per mile
than pipeline movement of natural gas and is comparable to pipe-
lining of petroleum.

Growth in Long-Haul Movement to Coastal and Upper Midwest Markets

Regions thus served by water include New England and the
states of Florida, Michigan, Wisconsin and Minnesota. Coal from
the Ohio River Basin and southern Illinois is transported by river
barges in continuous movement to major consuming centers, such as
Chicago, Minneapolis, western Florida and Galveston, Texas. In
the absence of water carriage, these markets, in view of their
great distance from the coal fields, would have to rely on more
costly rail transport, on the more limited reserves of oil and
natural gas and, 1IN some instances, on imported fuels.

One of the more notable long-haul water movements is the
carriage of Ohio Basin coal by combined internal and coastwise
haulage to Gulf Coast destinations. This coal is transported from
the lower Ohio Valley by river barge to the New Orleans area and
thence by oceangoing vessels to coastal consuming areas. Trans-
shipment in the New Orleans area grew from 0.6 million tons in
1960 to 3.1 million tons in 1969. The principal destination is
Tampa, Florida, where coastwise receipts of coal in 1969 amounted
to 2.3 million tons. The movement is strengthened by a backhaul of
phosphates from the Florida coast and by innovations in transship-
ment technology.

Long-haul movements are the most rapidly growing portion of
internal waterborne coal carriage. An analysis of length of haul
in 1965 and 1969 from Ohio Basin and Illinols origins appear here-
with in Table K-2. It will be noted that, of the aggregate water-
borne tonnage increase during the four years, 55.5 percent was for
distances exceeding 250 miles, and 17.8 percent was for distances
exceeding 1,000 miles. The waterways thus make coal available to
markets otherwise beyond economical access, serving to economize
on less abundant fields.

Role of Waterway Extensions and Connections in Long-Haul Movements

The long-haul service of waterway transportation, of course,
is limited by the extent of the system. In other words, only coal
fields and markets which have waterway access can be served, and
some of these are less accessible because of the circuitry of the
present navigation routes. This is a forceful reason for expedi-
tious progress in the construction of new waterway connections and
extensions. For example, the new Arkansas River Waterway makes
the exceptionally high grade Oklahoma coal (in addition to petro-
leum fuels) more readily available to distant markets. Similarly,
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TABLE K-2

GROWTH IN LONG-HAUL WATERBORNE MOVEMENTS OF BITUMINOUS COAL--
BITUMINOUS COAL ORIGINATED BY BARGE
IN THE OHIO RIVER BASIN AND SOUTHERN ILLINOIS
INCREASES IN TONNAGES SHIPPED BY LENGTH OF HAUL--1965 to 1969*

Net Tons Increase (1965-1969)

(Thousand) Net Tons Percent
Distance of Movement 1965 1969 (Thousand) of Increase
Over 1,000 Miles 2,376 4,359 1,983 17.8
750-1,000 Miles 115 1,035 920 8.2
500-750 Miles 1,202 2,530 1,328 11.9
250-500 Miles 7,227 9,194 1,967 17.6
Under 250 Miles 75,493 80,459 4,966 44,5
Totals Originated 86,413 97,577 11,164 100.0

* Calculated from U.S. Department of the Army, Corps of Engineers, \Water-
borne Commerce Of the United States, Part 5 (Respective Years); The long-haul
waterborne tonnages of bituminous coal tabulated here represent continous move-
ment via connecting waterways as far as Minneapolis-St. Paul, Chicago, Apalachee
Bay, Florida, and Galveston, Texas. In 1969 3.1 million tons recieved by barge
at New Orleans were transshipped by coastwise movement to other Gulf Coast des-
tinations, principally to Tampa, Florida.

the waterway connection between the Tennessee and Tombigbee Rivers
will open up new access to coal reserves and shorten distances of
carriage. Ohio Basin coal now moves by water to the Gulf Coast

of Florida but no farther. The Cross-Florida Barge Canal would
constitute a new connection to South Atlantic coastal markets.
While justification of these connections and extensions rests on
a variety of commodity movements in addition to coal, the access-
ibility of this abundant energy source to markets now beyond eco-
nomical reach emphasizes the urgency of progress.

Role of Rail-Water Coordination in Long-Haul Movements

The accessibility of coal to distant communities lacking
waterway connections is likewise impeded by lack of sufficient
rail-water coordination. We have cited previously the importance
of rail-water movements. These might be considerably extended by
the encouragement of rail-water and water-rail joint rates and
through routes. Railroads have been highly enterprising with re-
spect to their connections at deepwater harbors on the Great Lakes
and Tidewater. However, the tendency remains in some instances to
regard shallow-draft barging as inherently rail -competitive. By
maintaining rates higher than necessary to and from river connec-
tions, joint novement by river and rail is discouraged.
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In recent years, a growing number of railroads have partici-
pated in the "Willing Partner” program of arranging joint rates
and through routes with water carriers to the common benefit of
railroads, water carriage and shipping and receiving interests.
The encouragement and extension of this program will tend to en-
large the geographical scope of the coal-based energy supply.

Summary as to Magnitude and Importance of Waterborne Coal

The waterborne transportation of coal is a substantial seg-
ment of the energy supply. River and canal movements have been
growing rapidly, and this growth shows every promise of continuing.
The low cost of waterborne carriage dramatically enlarges the
geographical scope of economical availability of this abundant
fuel, and. the long-haul movements constitute the larger portion
of the growth increment. In view of these considerations, policies
conducive to a very substantial expansion and to sustained high
efficiency in the waterborne coal movement are crucial to the
country's long-term energy supply program.

Managerial Latitude as a Stimulus to Technological Progress

The first sector of public policy should be directed towards
encouragement of the vigorous technological progress which has
characterized water carrier operations and associated functions
since before World Wa 1l1. This means a latitude of managerial
operating discretion and freedom from regulatory restraint on
operations at least as broad as that which has prevailed in the
past. In other words, past and existing regulatory policy with
respect to private enterprise in water transportation has proved
highly successful and should be continued.

Private enterprise in water transportation and in such related
functions as vessel design, vessel construction and terminal op-
erations has displayed over many years an immense competitive
vitality. Particularly on the rivers and canals, the industry
has been characterized by continuing and thoroughgoing techno-
logical progress. The central thrust of technology has been the
rising productivity of labor and capital.

In the days when steamboats were handling most of the tonnage
on the rivers, crews of 20 to 25 men on a towboat were common. In
1971, crews of only 9 to 12 men are most usual, moving twice the
tonnage or more, approximately a four-fold increase in productivity
per man. "In 1940, the towboat Peace moved an average of 250,000
ton-miles (of cargo) per towboat operating day. In 1966, a 3,200
horsepower towboat moved an average of 1,154,000 ton-miles per
towboat operating day while a 6,400 horsepower towboat averages
2,269,000 ton-miles per towboat operating day."*

* U.S. House Congress, Testimony of L. P. Struble, Jr.,
Executive Vice President, Dravo Corporation, before the Transpor-
tation and Aeronautics Subcommittee of the Interstate and Foreign
Commerce Committee, October 3, 1967.
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New technologies include the medium speed diesel motor (dis-
placing the steam engine), a hydraulic mechanism known as the
"Kort Nozzle" for effective multiple screw propulsion, multiple
rudder systems, radar, radio communications, depth finders and
bow thrusters. Modern towboats have a power capability comparable
to oceangoing ships and high degree of maneuverability, essential
to negotiating the circuitous and shallow channels of the rivers
in swift and changing currents. Research with large-model water-
way systems, both in the United States and abroad, continues the
refinement of vessel contours, propeller design and control sys-
tems. At the end of World War 11, a tow of barges carrying 10,000
tons of cargo was unusually large. In 1971, tows of 40,000 tons
are becoming increasingly common, especially on the lower Missis-
sippi, and tows of 36,000 tons have moved on the Ohio River.

Technological Progress, Competition and Low Charges

Carrier operations are highly competitive, with the result
that economies are transmitted promptly into lower charges to
shippers. It should be borne in mind that costs of operating fac-
tors, especially of labor, have been rising rapidly ard continuously
over many years. Yet, in the face of this inflationary pressure,
the industry has actually reduced charges during the 1960's. In
1964, the average revenue per ton-mile of Class A and B Water
Carriers on the Mississippi River and its tributaries was 3.5 mills
In 1969, this was down to only 2.9 mills.* The traffic of this
group of carriers constitutes about 38 percent of the total on the
Mississippi River System and, because it includes the entirety of
the hi(]:]her rated component moved under ICC regulation, rates per
ton-mile for the nonregulated sector are lower. It can therefore
be stated with confidence that average charges per ton-mile by all
carriers are now significantly less than 3.0 mills. This remark-
able achievement is due in no small measure to avoidance of reg-
ulatory restraints which would have limited the latitude of man-
agerial discretion. Such restraints should continue to be mini-
mized or avoided.

The Private Capital Requirements of Inland Water Transportation

Inland water transportation shares with other modes the chal-
lenge of raising sufficient capital to meet the demands being
placed upon it by the mounting volume of freight. As Commissioner
Willard Deason of the ICC stated, transportation capacity "must
double by the end of the 1970's if demands on the system continue
at present rates.”

Shallow-draft internal water carriage will probably require
private long-term investment funds during the 5-year period, 1971-

* |CC, Bureau of Accounts, Revenue and Traffic of Class A and
B Water Carriers, Statement No. Q-650 (Respective Y ears).
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1975, in the neighborhood of $500 million. An analysis of the
property and depreciation reportings of 16 Class A water carriers

on the Mississippi River and its tributaries for the years 1964
through 1968, indicates that their property and equipment acquisi-
tions during the 5 years approximated $67 million. This amounted

to about $0.48 per 1,000 ton-miles of cargo moved by these carriers.*

If this rate of investment were applied to the ton-miles pro-
jected in Figure K-l for all shallow-draft carriers, the necessary
1971-1975 investment would amount to $419 million. However, this
makes no allowance for other capital needs, especially for working
capital. Furthermore, the estimate is derived from the lower con-
struction cost levels of the 1964-1968 period.

The provision of funds of this magnitude is a serious chal-
lenge. While the physical volume of freight handled by shallow-
draft barging is very large, in financial terms the industry is
small. A 5-year investment requirement of $500 million may be
compared with estimated 1969 gross revenues of $477 million.t As
another comparison, the property and equipment of the 16 Class A
carriers mentioned above had a depreciated value at the beginning
of 1964 of only $93.5 million compared to the estimated subsequent
5-year property acquisitions of $67 million.

The $500 million estimate may be conservative for still an
additional reason. Vessel replacements may be expected to run
higher than previously. Approximately one-half of the shallow-
draft barges now in service are either already overage or will
become so before 1975. A substantial portion of the fleet needs
prompt replacement with the most modern equipment available to
facilitate the larger tows and higher speeds required to hold down
operating costs and shipping rates.

Growth of Shallow-Draft Water Transportation Since World Wa 11

Positive action is required with respect to the modernization
and enlargement of the navigation system. Technological develop-
ment and the resulting low charges of carrier operations have in-
duced a growth in traffic which has already reached the economic
capacity of certain central gateways which are crucial to the
growing long-haul movement of bituminous coal. Mounting conges-
tion will forestall continued growth pending completion of modern-
ized facilities. Modernization is required, not only for adequate
capacity, but also to take full advantage of new navigation tech-
nologies.

* Calculated from ICC, Transport Statistics in the United
States, Part 5, Carriers by Water, and Revenue and Traffic of CZass
A and B Water Carriers, Statement No. Q-650 (Respective Y ears).

Revenue estimate by Transportation Association of America,
Transportation Facts and Trends, Quarterly Supplement (January
1971), p. 4.
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* Includes oceangoing movements in sheltered coastal waters.

SOURCE: U.S. Department of the Army. Corps of Engineers.

Figure K-I. Internal and Local Ton-Miles of Cargo Carried on U.S.
Rivers and Canals--1961-1969 (Trend Extended to 1975).*
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Figure K-2 depicts the growth of transportation on U.S. rivers
and canals since the end of World War 11, an expansion from 30
billion ton-miles in 1945 to 190 billion in 1970. While this in-
cludes deep-draft oceangoing shipping moving in sheltered coastal
waters, about 90 percent of the year-to-year increment consists of
shallow-draft domestic movements internal to the country. The
internal movements have been separately reported only since 1960
and appear as Figure K-I, representing an 8-year expansion from
86.5 billion ton-miles in 1961 to 145.4 billion in 1969.

The growth shown in Figure K-2 has been projected statisti-
cally to 1985 at about 290 billion ton-miles. In Table K-1, the
movement of bituminous coal on rivers and canals was projected for
1985 at 176.0 million tons. These projections, however, are those
for traffic demand, and they cannot be realized without moderniza-
tion of the navigation system.

Traffic Crisis at the Central Interchange of the River System

The bottleneck most seriously adverse to the growth of long-
haul coal movements is situated at the central interchange of the
inland river system on the boundary of southern Illinois. In this
limited area, six navigable rivers converge, affecting traffic for
many hundreds of miles in all directions, from Pittsburgh on the
east to Omaha and Sioux City on the west, from Chicago and Minne-
apolis on the north southward to the Gulf of Mexico.* The most
crucially overloaded facilities are the four Locks numbered 50
through 53 on the lower Ohio River and Locks numbered 26 and 27
south of Alton, Illinois, on the Mississippi.

Conditions in these two reaches are very similar. Because
the congestion most crucial to coal movement is on the lower Ohio
River, this will be treated here in some detail as approximating,
also, the navigating conditions on the central Mississippi.

Figure K-3 depicts the growth in all-commodity traffic through
the reach of Locks 50 and 51 in the lower Ohio River from 19 mil-
lion tons in 1960 to 43 million in 1970, a growth which accelerated
considerably towards the end of the decade. This includes most of
the rising long-haul coal movement from the Ohio Basin to destina-
tions such as the Twin Cities and Florida incorporated in Table
K-2. Industry sources project an increase in the coal traffic de-
mand through this reach by 1975 in the neighborhood of 20 to 25
million additional tons (for a total possibly exceeding 40 million).
A portion of this projected increment is already under contract to
serve utility stations now programmed or under construction.

The economic capacity of Locks 50 and 51 on the Ohio River is
calculated at about 40 million tons per year. As shown in Figure

* The six rivers are the Mississippi, lllinois, Ohio, Cumber-
land, Tennessee and Missouri.
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Figure K-2. Ton-Miles of Cargo Carried on U.S. Rivers and Canals--
1945-1970 (Trend Extended to 1985).*

K-3, traffic in 1970 exceeded this quantity. Waiting periods for
lock access in the range of 12 to 16 hours are common, at a cost
for the individual tow of barges falling between $75 and $100 per
hour. Delays exceeding 24 hours occur from time to time. The
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Figure K-3. The Ohio River Annual Tonnage Transiting the Reach
of Locks 50 and 51--1960-1970.

problem is accentuated by the inadequate dimensions of the old
locks which impose on large modern tows of barges the time-
consuming and costly process of double-locking.

Construction of new facilities of adequate dimensions and
capacity has now been initiated. These, however, cannot be com-
pleted for about 5 years at minimum. Therefore, it is clear that
a substantial portion of the projected growth in the coal move-
ment through this reach will be forestalled until the latter 1970's.
In short, the Nation's energy supply, in particular that portion
now served by coal, will be constricted for some years by this
bottleneck. It is urgent that construction proceed expeditiously.
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The lockage system of the central Mississippi River likewise
has an estimated yearly capacity of about 40 million tons.* The
all-commodity tonnage through this reach rose from 20.2 million
tons in 1960 to 41.8 million tons in 1969, and the coal tonnage
rose from 3.3 million to 8.4 million tons.

Projections of coal traffic on the Mississippi are difficult.
The Upper Mississippi River Comprehensive Basin Survey, using data
through 1964, projected for the entire reach from Minneapolis to
Cairo, lllinois, a coal tonnage of 10.0 million for the year 2000.t
This has already been exceeded in 1969 at 10.5 million tons. The
outlook for the coal movement through this reach is obviously much
greater than past experience would indicate. As in the case of the
lower Ohio River, however, realization of this potential will have
to wait the completion of modern navigation facilities. This is
particularly true if large tonnages of low-sulfur coal from PAD
District IV should move to the Midwest to help alleviate the severe
air pollution problem in that area. Construction should proceed
without avoidable delay.

Timely Action with Respect to Foreseeable Future Traffic Crises

If action on these critical reaches of the river system had
been taken some 5 years sooner, serious impediments to the u.s.
energy supply would have been avoided. Furthermore, construction
costs would have been less. Nothing is gained, and much is lost
by delaying action until a foreseeable crisis oCcurs. This serves
as a lesson for other requirements, less immediate, but which will
certainly become as critical in the course of time.

Other rivers on which crises of comparable proportions are
now foreseeable include the Illinois, the Mississippi between
Alton and the Twin Cities, the Upper Ohio River, and sections of
the Gulf Intracoastal Waterway. All of these are important coal-
carrying streams, controlled by navigation systems now 30 to 50
years old and moving volumes of traffic rapidly mounting toward
system capacity. Economic evaluations and planning and design
work should proceed in the immediate future so that construction
can be undertaken in adequate time.

* For an analysis of economic capacity of maor U.s. inland
waterways, see Eric E. Bottoms, F. ASCE, "Practical Tonnage Ca-
pacity of the Canalized Waterways," Journal of the Waterways and
Harbors Division, Proceedings of the American Society of Civil
Engineers, Vol. 92, No. WWI, Proc. Paper 4644, (February 1966),
pp. 33-46.

t U.S. Army Engineer Division, North Central, Upper Mississippi
River Comprehensive Basin Survey (Prepared under the Supervision of
UMRB Coordinating Subcommittee), Appendix J, "Navigation,"” (1971),
p. J-124.
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The Advantages of Deeper Channels and Harbors

Other steps, in addition to new navigation structures, offer
high promise for raising the capacity of the inland waterway sys-
tem. These include the deepening of channels and extension of the
navigation season in northern waters.

On most of the navigable reaches of the Mississippi River and
its tributaries, deeper channels are now feasible. The present
prevailing depth limitation is 9 feet. This limitation iIs en-
countered only at occasional shallows. Over most of the mileage,
depths now substantially exceed 9 feet. Therefore, the work re-
quired to establish a limitation of 12 feet or more would be only
at selected points on the system.

The increase in capacity and the potentials for cost cutting
technology of a 12 foot channel would be very great. Tows of
barges exceeding 60,000 tons would become feasible, without a
corresponding increase in horizontal dimensions. In the individual
lock chamber, each vessel transit would move a tonnage of cargo
increased by about one-third, an increase in lock capacity without
investment in physical enlargement. Safety would be increased for
both commercial and recreational traffic by a smaller number of
vessel tows than otherwise required for any given aggregate ton-
nage of movement.

A 12-foot channel would introduce new potentials into naviga-
tion technology. Wage rates and other cost factors of carrier
operation continue their upward momentum. Under the 9-foot limit-
ation, the most vigorous pursuit of technological improvements
will inevitably begin to yield diminishing returns. Thus, if the
hold-down on charges which has characterized inland water carriage
since the end of World Wa Il is to continue towards the end of
the century, the deepening of river channels will prove an un-
equivocal necessity.

Ocean and lake harbors likewise need to be deepened. Bulk
commodities are being moved in ever larger ships. For example, on
October 12, 1970, the Chikugu Maru, with a draft of 52 feet, loaded
110,000 tons of Canadian coal at Robert Banks, British Columbia,
for shipment to Japan.* Considering the higher levels of American
wages and other costs, the urgency of large loadings such as this
IS even greater in U.S. commerce. Yet, present draft limitations
in U.S. harbors are inadequate for vessels as large as the Chikugu
Maru. The deepest draft in the Upper Bay of New York Harbor is
45 feet; in Chicago Harbor it is 29 feet.t |If American industry
Is to be served by an energy supply which will keep it competitive

*

Skillings' Mining Review (January 16, 1971), p. 21.

t U.S. Department of the Army, Corps of Engineers, Waterborne
Commerce of the United States, 1969 (1970), Part 1, p. 59, and
Part 3, p. 24.
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with Japanese and other foreign production, harbor deepening will
be necessary. This problem is particularly severe in the Hampton
Roads port system.

Extension of the Navigation Season in Northern Waters

Extension of the navigation season in northern waters will
likewise increase capacity and reduce costs. This applies es-
pecially to the Mississippi River between Alton, Illinois, and the
Twin Cities and to the Great Lakes. Each month added to the
navigation season by ice control is an increase in yearly capacity,
an improvement in employment security, and a reduction in overhead
per ton of cargo. Initial action might best be taken where traf-
fic density is greatest, notably on the Great Lakes and the Mis-
sissippi between Alton and the Rock-Island-Davenport area.
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ApPENDIX L

COAL SLURRY PIPELINING
IN THE
WESTERN UNITED STATES

It is well-known that the western states have enormous coal
reserves and that much of this coal has the distinct advantage of
being very low in sulfur content. Slurry pipelines may playa
strong role in developing these reserves since they can provide a
low cost and environmentally attractive mode of transport.

Coa slurry pipelines transport a mixture of finely-ground
coal and water, usually about 50 percent of each. Except for the
coal preparation plant at the mine site and a pumping station
every 60 to 8 miles, all of the system is beneath the ground
and out of sight, giving no visual evidence that energy is being
transported continuously.

Slurry pipelines are not a recent development. As far back
as 1891 a patent was granted for a method of pumping coal with
water, and in 1914 an operating system employing an 8-inch line
was constructed to transport coal into London. A 108 mile, 10
inch diameter Consolidation Coal pipeline entered service in 1957.
The most recent development in slurry pipelining is the Black Mesa
Coal Slurry Pipeline owned by the Southern Pacific Railroad. This
273 mile system, which began commercial operation in November 1970,
Is capable of transporting over 55 million tons of coal annually,
all through an 18 inch diameter pipeline. This coal will supply
all of the energy requirements for the two 750 MW generating units
owned by the West Group at the Mohave Power Plant near Davis Dan
in Nevada. Figure L-l1 is a mag of this system. The system re-
quires four pumping stations--one at the mine/site preparation
plant and three booster stations spaced along the line. This
system is about three times the length and four times the capacity
of the pioneer Consolidation Coal pipeline in Ohio.

Technology currently exists for even longer and larger lines.
One thousand mile pipelines carrying 10, 20 or even 30 million
tons of coal per year are considered feasible. This would be suf-
ficient energy to meet the power requirements of two cities the
size of Los Angeles. The economy of scale enjoyed by pipelines
makes such systems attractive. Figure L-2 shows the potential
markets within 500 and 1,000 miles from the western coal "axis."
As shown, tremendous markets are well within reach. The primary
market for western coal is for power generation, which is ideal
for slurry pipeline application.

Coa pipelines, however, are certainly not a panacea, and
each specific transport decision must be made on its own merits.
In selecting the power plant location and transport mode -- e.g.,
railroad, pif()eline or extra high voltage transmission -- there
are certain key factors which must be considered. These factors
include water availability, protection of the environment, re-
liability, inflation and economics.
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A R I Z O N A

Figure L-1. Black Mesa Pipeline.

n
SAN FRANCISCO

IOS ANGELES

SOURCE: Adapted from Robert R. Nathan Associates, The Potential Market for Far Western Coal and Lignite,
U.S. Department of Interior Report, Contract No. 14-01-001-475 (December 1965).

Figure L-2. Western Coal Distance to Major Markets.
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WATER AVAILABILITY

Probably the most significant factor regarding power plant
site selection is the availability of water. Coal-fired plants
require large amounts of makeup water. In the case of a 1,500 MW
plant such as Mohave, about 20,000 acre-feet per year are required.
Water availability then, because of the large quantities required,
has strong influence on the power plant location. Frequently, the
question is raised as to how much water is required for coal slurry
pipelining. In the case of the Black Mesa pipeline, the water re-
quirement for pipelining is some 3,000 acre-feet or about 15 percent
of the power plant's total requirement--20,000 acre-feet. Again, in
the case of Black Mesa, after relatively simple treatment, the water
is suitable for cooling tower makeup with quality about the same as
clear Colorado River water.

ENVIRONMENTAL CONSIDERATIONS

Environmental considerations are becoming increasingly impor-
tant in utility decision-making with the doubling of the U.S. elec-
tric generating load every 7 to 8 years. In this regard, slurry
pipelines have a distinct advantage in that they do not offend
those who view high tension power lines or railroad tracks as a
source of visual pollution. In Arizona, one can stand directly
over the Black Mesa pipeline without perceiving visual or audible
evidence that the equivalent of 160 rail cars of coal per day is
flowing only 3 feet below.

RELIABILITY CONSIDERATIONS

Reliability is another key factor to consider in selecting
means of energy transport. The utility companies demand an extreme-
ly reliable transport system, as insensitive as possible to in-
terruption from weather, labor disputes, etc., in order to minimize
exposure to blackouts. Slurry pipelines meet this requirement
since they are not affected by severe weather or very low ambient
temperatures. The degree of automation possible also makes them
relatively insensitive to labor disputes. The Consolidation Coal
pipeline, for example, has had an availability factor of 98 percent.
The head station for the pipeline and coal preparation plant was
operated by just one man, and only day personnel were utilized at
the booster stations. The four-station Black Mesa system is oper-
ated similarly. Usually the most important factor in determining
a coal pipeline's reliability is the reliability of the pump sta-
tion power supply. In this regard, techniques such as station by-
passing and alternate power sources can be used to further improve
reliability.

ECONOMIC CONSIDERATIONS
The economics of a 500 mile pipeline system as compared with

other modes of energy transport are shown in Figure L-3. It can
be seen from this figure that coal pipelines for all cases with
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capacity in excess of 3 million tons per year are more economical
than EHV transmission. Unit trains, however, are somewhat more
competitive. For a unit train of 0.5 cents per ton mile, capacity
must be in excess of 5 million tons per year for the coal pipe-
line to be competitive.
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SOURCE: Adapted from T. L. Thompson and E. J. Wasp, "Coal Pipelines--
A Reappraisal,” Pipe Line News (December 1968), pp. 12 — 16.

Figure L-3. Comparison of Alternate Modes of Energy Transportation.

The cost of transportation of coal slurry by pipeline is a
function of the tonnage transported, distance, physical character-
istics of the coal, conditions of terrain, and the annual capital
charges of the pipeline. The two most significant factors are
the annual tonnage and the distance transported. Figure L-4 shows
unit costs of pipeline transport as a function of these two vari-
ables for annual throughputs ranging between 3 and 18 million tons.
The costs include both the costs of slurry preparation and pipe-

line transportation, but exclude any allowance for utilization
cost at the delivery terminal.

Analysis indicates that the utilization costs of coal slurry
are very close to those of dry coal (as delivered by a unit train).
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Figure L-4. Coal Slurry Pipeline Transportation Costs.

Thus, while there is a thermal penalty as a result of firing wetter
material and somewhat higher costs due to providing long-term emer-
gency wet storage, these factors are offset by (1) the greater ease
and lower cost of handling coal in slurry form, (2) the lower cost
of tanks as compared to bunkers, (3) the lower labor requirements
of slurry, and (4) the fact that a substantial portion of the

crushing required prior to firing has been carried out in preparing
the coal for pipelining.

Examination of Figure L-4 shows that, for 100 mile systems
transporting between 3 and 18 million tons per year, costs range
from approximately 1.2 cents to 0.5 cents per ton mile. Similarly,

for 1,000 mile systems, they range from approximately 0.6 to 0.25
cents per ton mile.

UNIT TRAINS

Unit trains represent the major long-distance transportation
alternative to coal slurry pipelines when the energy is transported
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in the form of coal, except for those instances when existing water-
ways are available for barge transport.

Where new transportation facilities must be installed, a new
pipeline is generally more economical than a new railroad. How-
ever, railroads may be quite competitive where existing trackage
can be employed to a large extent. However, even in this case the
benefit of using existing facilities may be offset by the fact that
the rail distance may be greater than the straight-line (or pipe-
line) distance between the source and delivery point.

Whereas slurry pipelines enjoy a rather marked economy of
scale, i.e., reduced unit cost with increased tonnage, unit trains
do not exhibit this to the same extent. In general, for distances
of 300 miles or more and tonnages in excess of 1 million tons per
year, unit train costs in cents per mile are relatively constant.
Unit trains do, however, have the advantage of more flexibility in
expanding or contracting system capacity.

EHV TRANSMISSON

Extra high voltage transmission of energy is increasing rapid-
ly in North America. As with pipeline systems, the unit cost of
transportation of energy by EHV iIs strongly related to the quantity
and distance. However, beyond 300 miles unit costs per KWH become
relatively constant on a per mile basis.

It should be noted that EHV transmission does possess a unique
advantage over other forms of energy transportation when connected
to an integrated grid system. In such cases there is an increase
in the firm power capacity of the system, and the system reliability
IS increased by the interconnection. While no dollar amount can be
directly attributed to this factor, it does represent an intangible
benefit of EHV transmission.
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APPENDIX M
ELECTRIC POWER GENERATION FROM COAL

INTRODUCTION

‘The demand projection of the Coal Task Group indicates the
predicted future use of coal in power generation. For quick refer-
ence, this demand is summarized in the following tabulation to
point up the scope of this segment of coal utilization.

Total BTU Coal BTU
Input to Power Input to Coal BTU's
U.S. Power Generation Power as % of
Generation as %of U.S. Generation Total Power
(BTU x 10'?)  Total Energy (BTU x 101*2) Generation
1970 16,614 24.0 7,728 46.5
1985 44,161 35.0 15,696 35.5

This projection was based on power stations currently existing,
new stations already committed which will operate by 1976, and those
to be committed between now and 1980 which will corne on-stream be-
tween 1980 and 1985. (The figures assume nuclear capacity in actual
operation to be 50, 128, and 251 million KW in 1975, 1980 and 1985,
respectively.)

Whether this coal use prediction can be achieved depends, pre-
dominately on solutions to the pollution problems associated with
the use of coal in stearn boilers.

SUMMARY

The most important matter bearing on the success of coal in
competition with gas, oil and nuclear energy is the future impact
of the Clean Air Amendments of 1970 (Public Law 91-604) as admin-
istered through the combined activities of the Environmental Pro-
tection Agency (EPA) and the state and local agencies working with
EPA. Low-sulfur oils, while beneficial where obtainable, are too
scarce to constitute a national answer to making power plant stack
discharges acceptable. With a tightening moving target criteria to
be met, it is unlikely that fuel with even as low as 0.5-percent
sulfur will suffice without S02 removal from stack gas. Conse-
quently, the very highest level of importance attaches to the prose-
cution of research, development and demonstration testing of large
scale 302 removal apparatus applied ahead of the stacks of coal-
burning and oil-burning power plants. The Air Pollution Control
Office (APCO), formerly the National Atmospheric Pollution Control
Administration (NAPCO), has been and is working--with a 1971 budget
of $11 million and a 1972 budget of $20 million--on a program to
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demonstrate the success of promising S02 abatement apparatus in
several power plant test installations of the country. Private in-
dustry is spending an even larger amount on the same objective.

The commercial success of such apparatus is psychologically of
highest importance bearing upon new plant decisions. Despite the
level of federal and private development work, until a commercial
02 removal apparatus is successfully operating in the country's
power plants, the pollution troubles associated with existing coal-
burning plants will be an obstacle to utility operations and manage-
ments and could produce a "snow-balling" of decisions against use
of coal in new installations to escape future pollution problems.

Source Material

This Appendix considered as basic material and drew very heavily

on the reports of the six Regional Advisory Committees of the 1970
National Power Survey oOf the FPC. These survey reports were made
by well-chosen U.S. utility executives and engineers; they consti-
tute an excellent source where the non-specialist in utility engi-
neering practice can develop knowledge of current practices and
philosophy as spelled out by electric utility industry management
and engineering leaders. Despite the fact that several of the
regional reports were prepared in 1967 and 1968, their currency is
evidenced by the fact that three of them are still in typewritten
form and only three have been |i)r|nted to date, with the finalizing
report of the FPC not yet available in April 1971.

A 1970 report on S02 abatement by an ad hoc committee of the
National Academy of Science-National Academy of Engineering (NAS
NAE) is also used as basic reference. This report constitutes the
most comprehensive summary of this field out of tremendously volu-
minous literature on pollution effects and control.

General Outlook

Looking forward to 1985 and even to the end of this century,
the fossil-fueled (and nuclear-fueled) processes for making elec-
tricity which have evolved over the past 50 years will continue to
be used, and further nominal plant efficiency improvements will be
made in these processes. Few new plants will be built in cities,
and in the coal-burning class there will be an increasing number of
mine-mouth plants, located near mines for economy and in order to
remove their stack discharges from the energy-using urban areas to
the more rural coal supply areas. The designation "mine-mouth"
covers plants which may be located as much as 25 miles from the
actual mine in order to gain access to the large quantities of
water needed for a major power plant. The large natural draft (hy-
perbolic shaped) cooling towers recently introduced here from Europe
will be used increasingly because of inability to find large enough
water supplies. Also, "dry-type" cooling towers which cool the con-
denser circulating water with air instead of water will come into
use where adequate water is lacking to replace the evaporation from
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wet-type cooling towers. The relatively recent development of EHV
transmission has been conducive to the economy of locating power
plants near the coal source and transmitting the generated energy
to cities.

It is possible that, by the time this paper is published, the
criteria for acceptable stack gas discharge without stack sulfur
oxide removal apparatus will require the burning of coal (or oil)
with less than O.S-percent sulfur content. This paper therefore
is written in that context. Incidentally, this virtually eliminates
the use of coal cleaning as a practical answer to the 30Z emission
problem. (Note that the six reports of the Regional Advilsory Com-
mittees of the 1970 National Power Survey were written in the con-
text that 1.0-percent sulfur in coal and oil would satisfy the cri-
teria for stack discharge without stack sulfur oxide removal equip-
ment.) It also appears that NO, criteria which would be difficult
to meet are "just around the corner,” despite the lack of known
combustion processes or control equipment which will permit compli-
ance.

Decisions for New Power Plants

Generating stations have a useful life of approximately 30
Y_ear:_s, requiring huge capital expenditures and involving very large
ifetime operating costs. But at the immediate present, utility
system engineers are greatly handicapped in making developmental
studies for future plants by being unable to predict with any
reasonable accuracy essential factors such as the following to use
in their economic comparisons of alternative generation and trans-
mission systems: (1) the escalation rates to use for equipment,
materials and construction labor, (2) the availability and future
costs of fuels of different types and qualities, (3) the cost of
transporting fuels, (4) the environmental protection standards to
which they will be required to conform in their designs, and (S)
the type and cost of stack gas cleaning apparatus which will become
commercially available for coal (and oil) burning plants. All of
these current uncertainties add to the difficulty of assessing the
relationship between electricity production and the use of coal or
any other particular fuel.

Site Selection

In connection with Presidential interest in power plant siting,
the Office of Science and Technology issued a report during the
Johnson Administration titled, Considerations Affecting Steam Power
Plant Site Selection, and another under the Nixon Administration
titled, Electric Power and the Environment. The first is primarily
informational. The second presents a practical, sound approach to
recognizing a distinction between old and new plants. Parts of
these reports which deal with pollution and equipping plants with
apparatus to control sulfur discharge are quoted in the section of
this Appendix concerning pollution control legislation.
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Pollution Abatement

Sulfur control or emissions abatement is discussed in the sec-
tion entitled, "Abatement of Sulfur Oxide Emissions,” mainly by
excerpts from the 1970 NASNAE Committee report. It contains sev-
eral 1mportant comments appropriate for this summary:

There is a possibility that a number of newly created air
quality control regions will adopt (control) plans...in
the next few years. Care must be exercised at the local,
regional, and national levels to assure that realistic
eriteria and plans are adopted which can be implemented
in conecert with the development of technology and the sys-
tematic use of our energy resources.

There is a real danger that the public may be led to ex-
pect environmental improvements at a rate that cannot be
realized. This is not to say that high goals should not
be established, but rather that realistic and coordinated
implementation plans must be adopted.

Even if additional cooperative funding by the coal indus-
try, equipment manufacturers, utility companies, and
process developers can be arranged, government support
will be needed for many years to encourage development,
demanstration, and application of sulfur oxide control
technology. Unless the necessary technology becomes
avatlable, the country may have to choose between clean
atr and electricity.

New Power Cycles

A concept which merits an early careful engineering evaluation
Is that of coal gasification to produce hot, clean, low heating
value gas to supply first a gas turbine and then the steam boiler
of a combined-cycle gas turbine/steam turbine /generating lant.
Natural gas-burning combined-cycle gas turbine/steam turblne plants
have been built, operated and proved successful as a highly effi-
cient type of generating plant. However, the scheme has to date
been used only with natural gas fuel. |If coal is converted under
pressure to a low heat value gas, and if the gas is scrubbed of
particulate matter and the S02 removed prior to further combustion,
It is then possible to burn such gas in a combined-cycle gas turbine/
steam turbine station.

The coal is gasified under pressure with the result that the
particulate removal and the S02 removal from the resultant gas would
also be performed under pressure, with very much lower volumes of
gas than for stack gas at atmospheric pressure. This concept is
further reviewed in the section concerning combined-cycle systems.
At present, a 172 MW plant of this type is under construction in
Germany.

For the immediate future, where no choice for alternate power
cycles exists, the most urgent technical problem remains the solu-
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tion of the stack gas scrubbing problem. However, beyond this per-
ilod, no other technological improvement in coal-based power gener-
ation has the combined potential attraction of the gas turbine/steam
turbine cycle in terms of investment savings, higher efficiency,
outstanding cleanliness and, most important, of being within prac-
tical reach in the |IS-year period under study. The coal-burning
combined-cycle gas turbine/steam turbine process deserves maximum
support from the coal and power industry in the form of adequate
development funds for testing the system with American coals.

LOW-SULFUR COAL, COAL CLEANING, ETC.

This subject has raised considerable interest and requires
brief comment. Most important in this regard is what will be es-
tablished by new regulations as the acceptable level of sulfur in
fuel to be burned in plants having no stack sulfur oxide removal
systems. If O.S-percent sulfur maximum eventually prevails, as the
Coal Task Group believes it will, compliance will be impossible,
for neither existing coal reserves nor any commercial "washing"
process will achieve this goal.

However, the bulk of western coal reserves have sulfur con-
tents between O.S and 1.0 percent, and substantial tonnages are
currently burned in areas where 1.0-percent sulfur is presently
considered an acceptable fuel, particularly in the West Central
region.

Most eastern coals are too high in organic sulfur to obtain a
satisfactory sulfur content by removal of pyrite only (washing).
NAPCA, with the assistance of the U.S. Bureau of Mines and Bitu-
minous Coal Research, Inc., has completed a very thorough study of
this subject. It concluded that possibly 2S percent of eastern
steam coals could yield I-percent maximum sulfur. This 2S percent
included low-sulfur coals already used in steam raising and would
require cleaning of coal after crushing to fine sizes (less than
14 mesh). This would cause large losses of coal in refuse and pre-
vent shipment of the fine clean coal by rail.

The NASNAE report suggests that, from an overall national
point of view, it pears desirable to reserve the limited supﬁly
of low-sulfur coal for small industrial and commercial users who
cannot afford to install the complex cleaning devices which can
be used in large central power plants. However, such a marketing
program would be difficult to administer.

For deep desulfurization to the O.S-percent sulfur level or
lower, the organic sulfur in the coal substance proper must be at
least partly removed. The NASNAE ad hoc panel states: "It ap-
pears that organic sulfur may be removed only by hydrogenation,
liguefaction, and gasification processes."

To the extent that coal can be converted to low-sulfur fuel

oil or pipeline gas for subsequent use in power plants, the subject
Is dealt with in the appendices on synthetic liquid and gaseous
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fuels. The use of gasification as a source of low-BTU producer gas
for so-called combined-cycle plants is discussed under that head-

ing in a later section.

ABATEMENT OF SULFUR OXIDE EMISSIONS

The single most important factor bearing on the future use of
coal relates to the abatement of sulfur oxide emissions from stacks.
That subject in this paper, therefore, surpasses all other parts
in importance.

Bibliographical Material

The number of technical articles which have accumulated on the
subject of abatement of sulfur oxide emissions has grown tremendous-
ly. Writing as early as December 1940, Johnstone and Singh listed
106 references and reported” ...numerous patents have been issued
on processes for sulfur dioxide elimination from combustion gases.
The patent survey made in connection with this work has shown over
two hundred United States and foreign patents relating to sulfur
dioxide removal and recovery from waste gases. None of these is
known to be in commercial operation. The problem has evidently
been of interest to inventors for at least ninety years."*

In a March 1970 report of HEW to the Senate, it was stated:
"To maintain an up-to-date store of technical information, NAPCA
has about 1,000 scientific and technical journals screened. About
400 are published in English, and others In various languages.
Pertinent articles and abstracts are microfilmed and stored in a
data bank. By the end of 1969, there were about 12,400 articles
and reports in the data bank. New items are being added at a
rate of about 1,000 per month."”

Report of NASNAE

After studying a great many references pertaining to abatement
of sulfur oxide emissions from power plants, it was decided to re-
port on this subject by quoting selected paragraphs and sentences
from a 1970 report titled Abatement of Sulfur Oxide Emissions from
Stationary Combustion Sources, prepared by a NASNAE Ad Hoc Panel
on Control of Sulfur Dioxide from Stationary Combustion Sources.
The verbatim quotations from the report have been resequenced for
conciseness.

Abbreviated Preface of the NASNAE Report

In this report of a study on the control of sulfur oxide
emissions into the atmosphere, primarily from electricity

*Johnstone and Singh, "The Recovery of Sulphur Dioxide from Di-
lute Waste Gases,” 38 University of Illinois Bulletin, No. 19
(December 31, 1940).
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generating stations, an effort has been made to place the
findings of the study in perspective with the entire
problem of environmental quality management.

On the basis of problem definition, a study of need, a
study of engineering constraints, and an analysis of
technological requirements and alternatives, this re-
port outlines a government-industry program for research,
development, and demonstration of potential control
processes.

It is hoped this report will provide a basis for increas-
ed governmental and public understanding of the problems
of sulfur oxide abatement and control, and will direct
attention and adequate assignment of resources to the
orderly and expeditious solution of this portion of the
nation's problems of environmental quality management .

Extracts from NASNAE Report

Controlling and improving the quality of our environmen-
tal resources is a growing concern of the nation. Na-
tional and regional goals and standards for air quality
management are being defined. Capital investments of
billions of dollars will be required to install processes
to meet these standards. Keeping these costs within
bounds, while still attaining an acceptable level of
control within the shortest practical period of time,
will call for the best efforts and most careful planning
at all levels from individuals, civic groups, and
companies through local, regional, state, and Federal
agencies.

The emission of S02* from combustion of sulfur-bearing
coal and oil, primarily for the generation of electrical
energy, is second only to the emission of pollutants
from internal combustion engines in quantity of
pollutants discharged to the national air environment.

During the next 20 years, the national requirement for
electrical energy is expected to more than triple. The
supply of natural gas, a low-sulfur fuel, is expected
to decrease in about 10 years, and petroleum products
may reach their maximum availabilit?fI in about 30 years.
To supply the needed electricity, the use of coal is
expected to trifple by the year 2000, when it is expected
that the use of nuclear energy will about equal the use
of coal, after which the requirement for coal will start
a downward trend.

Sulfur oxides emission data and projections for the
United States are shown in Table M-I|.

*The symbol S02 is used in this report to designate the sulfur
oxides in stack gases (S02 plus 1 percent to 2 percent of S03) .
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TABLE M |

ESTIMATED POTENTIAL SULFUR DIOXIDE
POLLUTION WITHOUT ABATEMENT*

Annual Emi ssion of Sulfur Dioxide

(Millions of Tons)

United States 1967 1970 1980 1990 2000
Power Plant Operation (Coal and Oil) 15.0 20.0 41.1 62.0 94.5
Other Combustion of Coal 5.1 4.8 4.0 3.1 1.6

Combustion of Petroleum Products
(Excluding Power Plant Oil) 2.8 3.4 3.9 4.3 5.1
Smel ting of Metallic Ores 3.8 4.0 5.3 7.1 9.6
Petroleum Refinery Operation 2.1 2.4 4.0 6.5 10.5
Miscellaneous Sourcest 2.0 2.0 226 3.4 4.5
Total 30.8 36.6 60.9 86.4 125.8

* Taken from NASNAE, Abatement of Sulfur Oxide Emissions from Stationary
Sources (1970); February 1970 estimates by NAPeA, excluding transportation.

t Includes coke processing, sulfuric acid plants, coal refuse banks, refuse

incineration and pulp and paper manufacturing.

. .. The panel members considered these data to be realis-

tic, based on authoritative sources, and interpreted
rationally and conservatively; and the members were im-
pressed with the magnitude and urgency of the problem
of sulfur oxides emission to the atmosphere. The data

and projections gave rise to the conclusion that positive
action will be required to prevernt the emission of sulfur

oxides into the ambient air from more than quadrupling
by the year 2000.

A review of sulfur oxide abatement and control technol -
ogy gives rise to concern as to the future supply of
electricity and the future availability and use of
fuels. There are important matters of policy and
management regarding future energy conversion and con-
sumption that bear directly and importantly on environ-
mental problems, such as: Emission of sulfur oxides,
nitrogen oxides, particulates, carbon dioxide, carbon
monoxide, and other pollutants from fossil fuels com-
bustion; thermal pollution; siting of generating facil -
ities and distribution systems; fuel policy and avail-
ability; radioactive pollution and disposal of radio-
active wastes; and technological , political, jurisdic-
tional and economic limitations and constraints.

Electricity generation, sulfur oxide emission control,
and other environmental factors are closely interre-
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lated and require an integrated systems approach. The
objective of providing for the nation's growing power
needs is subject to the constraints of maintaining
environmental quality, fuels availability, and technical
developments. Within this framework lie the trade-offs
of shifting generation, improved transmission, and the
development of control processes. Overriding all of
these is the long-term consequence of each alternative.

Electricity generation in 1970 was 1,518 billion KWH, and it

Is expected to be of the order of 9,000 billion KWH in the year

2000,

roughly a doubling every 10 to 12 years.

Most of the new generating capacity installed between now
and 1990 will be provided by some 250 large power plants
of greater than 1000 MW capacity.* The siting problem
will generally be one of assuring that the relatively
small number of large plants are adequately planned

and located to meet the goals of providing low-cost,
reliable power and minimizing the adverse effects

on our environment. Wth an onsite investment of

about $200 million to $400 million each, these new
plants will be among the larger industrial establish-
ments in the nation. Including support and auxiliary
activities, they will represent approximately $80
billion of capital investment, which will be profoundly
affected by the public interest.

The demand for electric power is increasing so rapidly
that sulfur oxide emissions may increase even allowing
for: (1) Projected construction of nuclear power
plants; (2) substitution of gas or low-sulfur fuel oil
at locations where they are available; (3) use of coal
of reduced sulfur content to the extent that can be
expected; (4) introduction of improved combustion
methods; and (5) application of improved stack-gas
treatment and sulfur recovery processes.

Even if additional cooperative funding by the coal
industry, equipment manufacturers, utility companies,
and process developers can be arranged, government
support will be needed for many years to encourage de-
velopment, demonstration, and application of sulfur
oxide control technology. uUnless the necessary technol-
ogy becomes available, the country may have to choose
between clean air and electricity.

The crux of the problem is its urgency with respect to
lead time and degree of applicability of any single
process. The schedule for abatement of the emission of

* The same applies to past the year 2000, excepting number

of plants and dollars of capital investment will vary.
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sulfur oxides reduces the lead time to a very short
period. In order to demonstrate a variety of processes
which might be applicable to specific conditions, the
reduction of lead time and the diversity of processes
required, demand an intensive and concerted effort sub-
stantially greater than normal industrial process devel-
opment.

Although the panel is optimistic that acceptable sulfur
oxides control technology will be developed, it concludes
that this technology is not yet commercially proven.
Moreover, a rapid pace must be maintained in pursuit of
the technical objectives, if onI% to prevent conditions
from getting worse. Even when the expected technology
becomes available, it will be too late to prevent a
significant rise in total sulfur emissions during the
next several years.

Five general approaches might be made to sulfur oxides
control problems:

1. Undertake a crash program to build nuclear
power plants

2. Remove sulfur from fuels before they are
burned

3. Remove sulfur from fuels during the com-
bustion process

4. Remove the 502 from the combustion gases
before emission to the atmosphere

S. Employ very high stacks and remote siting
so that the gases are dispersed and diluted
to an acceptable level.

Therefore, the reduction of 802 emissions from station-
ary combustion sources, in the next 5 to 20 years, will
depend very Llargely on the development, demonstration,
and application of a combination of technologies de-
signed to prevent the sulfur in coal (and petroleum)
products from reaching the atmosphere through the combus-
tion processes.

The preferred use of naturally occurring Low-sulfur or
cleanable (to low-sulfur levels) coal is in those fuel
uses, other than power generation, where the flue gas
treatment processes to reduce 802 gre not economically

feasible.
At another point it is stated "...the panel believegs

that, from a national point of view, the most Zogical
use for the low-sulfur coal is in commercial and indus-
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trial plants, small power plants, sSpace heating, and for
production of metallurgical coke.

In addition to joint support by groups of utilities, a
number of industrial organizations have committed signif-
icant funds to research, development, and demonstration
of sulfur emission control processes and equipment. An
Iincrease in these activities, together with increased
support by the Federal Government, is needed.

At the present time, the Federal Government is actually sup-
porting research, development and demonstration at levels of $11
million in 1971 and $20 million in 1972 budgets.*

The panel reviewed the status of United States and for-
eign sulfur oxide abatement and control processes and
firmly concluded that, contrary to widely held belief,
commercially proven technology for control Of sulfur
oxides from combustion processes does not exist.

Efforts to force the broad-scale installation of un-
proven processes would be unwise; the operating risks
are too great to justify such action, and there is a
real danger that such efforts would, in the end, delay
effective S02 emission control. A high Zevel of
government support is needed for several years to en-
courage research, engineering development, and demon-
stration of a variety of the more promising processes,
as may be suited to specific local and regional condi-
tions, to bring these processes to full-scale operating
efficiency at the earliest practical date. This can be
done most expeditiously 1T Federal support, in addition
to industry commitments, is provided at the appropriate
time and in the needed amounts.

Federal support for the development of the following con-
trol approaches is suggested:

1. Throw-away processes for remova of S02
from stack gases, such as limestone injec-
tion, which produce a presently non-
marketable product

2. New combustion concepts, such as fluidized
bed combustion (FBC), which fixes the sulfur
as a sulfate during combustion and prevents
its release as S02 to the stack

3. Chemical recovery processes, which produce

salable S02, sulfuric acid, elemental sulfur,
or fertilizers

*Flectrical Week, (February 1, 1971), p.3.
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4. Coal gasification processes, which produce
sulfur-free fuels

5. New concepts in engineering and chemical
approaches to the desulfurization of coal.

The limestone injection processes, with adequate particu-
late control, should be commercially demonstrated within
the next one to three years and, if successful, can be
installed in many existing plants.

Several sulfur-recovery processes appear to be ready for
scaleup to commercial demonstration size (100,000 kWor
larger boilers). Full-scale demonstration of the indus-
trial reliability of these processes is four to ten years
away. Some of them can be installed in a portion of exis-
ting plants or engineered into future plants.

New combustion technology may be available for indus-
trial application in five to ten years. Efficient
coal gasification processes, which are five to ten
years away, have the potential for producing pipe-
line quality, low-sulfur gas for supplementing exist-
ing supplies of natural gas or for producing a product
of less than pipeline quality, but adequate for power
generation. Such fuels seem likely to become increas-
Inlgy competitive for use in power production as the
cost for controlling all pollutants (S02, NOy, and
fine particulates) increases the costs for conven-
tional systems.

These time estimates are reaZistic only if there is
dedication and a positive commitment on the part of
government aggencies, utilities, fuel suppliers, and
equipment manufacturers to support the orderly devel-
opment and timely application of the more promising
processes.

In recommending a five-year plan for future work, the
panel places special emphasis on the following:

1. Complete development of the limestone
process should be given high priority
because it is applicable to many exist-
ing boilers and is closer than others
to demonstrated industrial application.

2. For new power plants and some existing
plants, it is expected that sulfur-
recovery processes will be necessary to
keep costs for future control within
reasonable limits.

3. NAPCA should continue to support the de-
velopment and demonstration of new con-
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cepts in combustion technology, sulfur
recovery, and coal desulfurization pro-
cesses.

4. Research should be supported on ways to
combine the abatement of nitrogen oxide
and particulates with sulfur oxide control.

5. Elemental sulfur is a more desirable by-
product than sulfuric acid or sulfur
dioxide. The conversion of sulfur dioxide
to sulfur is not a well-established process,
and it is important that the technology and
costs of this conversion be thoroughly
studied.

The NASNAE committee interviewed and corresponded with many
companies, as shown in Table M-2. They wrote:

Many ways of removing S02 from stack gases are being
actively investigated--all involving some means of
contacting the gas with a substance that removes 502
At least 25 such processes are under development in
this country by industry and by NAPCA (see Table M-3),
and others are under development in Japan and Europe
(see Table M-4). Most are bench-scale laboratory pro-
jects, but several have reached the pilot-plant stage
(10- to 2SMW equivalent gas streams). Only the lime-
stone-wet scrubbing process has been installed in sizable
operating power plants. Several of these processes
will probably be technological successes, but the ef-
ficiencies are not yet well established for even the
most advanced. Projected costs range up to 1 mill per
KWH and, in some cases, higher, depending upon method
of financing.

Tables M-3 and M-4 help the reader grasp both the extent of
the Committee's engagement in the problem and the extent of inter-
national activity on the sulfur control problem.

It is apparent that the recommendations of the NASNAE report
are being closely followed. The impact of new legislation and the
magnitude of private and government research and development efforts
is shown by the list of major developmental 502 control installa-
tions which are currently underway in the United States (see Table
M- 5) e

Economics of S02 Abatement

The removal of sulfur from coal to levels of O.S percent or
lower involves either gasification or liquefaction. The costs
associated with these conversions are considered in later appendi-
ces.
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TABLE M-2

COMPANIES USED BY NASNAE FOR
REPORT ON S02 ABATEMENT

List of Presenters*

Babcock & Wilcox

Bituminous Coal Research, Inc.

Black, Sivalls, & Bryson, Inc.

Chemical Construction Corporation

Combustion Engineering, Inc.

Continental Oil Company
(Consolidation Coal Company, Inc.)

The Dow Chemical Company

ESSO Research and Engineering Company

Institute of Gas Technology

lonics Incorporated/Stone & Webster

The M. W. Kellogg Company

McNally Pittsburgh Manufacturing Corporation

Monsanto Company

National Air Pollution Control Administration

North American Rockwell Corporation
(Atomics International Division)

Office of Coal Research

Pope, Evans and Robbins

Princeton Chemical Research Company

Roberts & Schaefer Company

Tennessee Valley Authority

Tyco Laboratories, Inc.

Wellman-Lord, Inc.

Westvaco

List of Correspondentst

Abcor, Inc.

The Air Preheater Company, Inc.

Air Products and Chemicals, Inc.

American Petroleum |nstitute

Basic Chemicals

The Carborundum Company

The Detroit Edison Company

Edison Electric Institute

Institute of Gas Technology

Joy Manufacturing Company (Western
Precipitation Division)

Kaiser Aluminum & Chemical Corporation
(Kaiser Chemicals Division)

The Kansas Power and Light Company

Nalco Chemical Company

Pennsylvania Electric Company

Precipitair Pollution Control, Inc.

Research-Cottrell, Inc.

Reynolds Metals Company

Reynolds, Smith and Hills

Slick Industrial Company (Pulverizing
Machinery Division)

Union Electric Company

United International Research, Inc.

Universal Oil Products Company (Air
Correction Division)

The Wheelabrator Corporation

*These organizations made presentations to the Panel on Control of S02 from Stationary Combustion Sources.

tThese companies sent material to the panel describing their activities and experience on control of S02
from stationary combustion sources.
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Company

Abcor, Inc.
Air Products and Chemicals, Inc.
American Iron and Steel Institute

Argonne National Laboratory

Babcock & Wilcox

Basic Chemicals

Bituminous Coal Research, Inc.
Bituminous Coal Research, Inc.
Black, Sivalls, & Bryson, Inc.
The Carborundum Company

Chemical Construction
Corporation

Combustion Engineering, Tnc.

(Kansas Power and Light Company)

(Union Electric Company)

Consolidation Coal Company, Inc.

The Detroit Edison Company
The Dow Chemical Company

Edison Electric Institute

Esso Research and Engineering
Company

General American Transportation
Corporation

Hydrocarbon Research,
Incorporated

Illinois Institute of Technology
Research |nstitute

Institute of Gas Technology

lonics Incorporated/Stone &
Webster

- % ~
Compiled by NAPCA, March 1970.

t Information from American Petroleum |nstitute.

Information from NCASI.

UNITED STATES S02 POLLUTION CONTROL RESEARCH AND DEVELOPMENT *

Type of Waork

Aqueous absorption systems for 502

Dry process for 502 removal

Studies of sulfur pollution control
from various iron and steel manu-
facturing steps

Reduction of atmospheric pollution
by the application of fluidized
bed combustion

Magnesium oxide scrubbing system
and other 502 removal processes

Magnesium sl urry scrubbing (in
conjunction with Chemico)

Use of limestone or dolomite for
502 removal from coal-burning
boiler flue gases

Removal of pyritic sulfur from coal

Coal gasification in molten iron;
sulfur removal in slag

Limestone injection with wet scrub-
bing or bag filtration

Various projects for 502 control
from sulfuric acid plants and
power plants

Limestone injection-wet scrubbing
process

Demonstration of combustion engi-
neering limestone injection-
scrubbing process

Demonstration of combustion engi-
neering limestone injection-
scrubbing process

Flue gas scrubbing, fluidized
combustion in a lime bed, and
pyrite removal from coal

Limestone scrubbing. ammonia
injection

Gas-phase removal of 502 with solid
alkaline materials

Dispersion characteristics of stack
effluents, development of a for-
mula for stack design

B&W-Esso proprietary process for 502
removal

Catalytic reduction of 502 to sulfur

Catalytic hydrogenation of fossil
fuels
Oxidation and reduction catalysts

Coal gasification

Regenerable aqueous scrubbing system
for 502 removal and recovery (Stone
& Webster-lonics process)

Company

Kaiser Chemicals
The M. W. Kellogg Company

Monsanto Company

(Pennsylvania Electric Company)
(Air Preheater Company)
(Research-Cot trell)

Nalco Chemical Company
Petroleum Industryt

Pope, Evans & Robbins

Precipitair Pollution Control, Inc.

Pulp and Paper Industry+

Research-Cottrell, Inc.
Reynolds Metals Company

Reynolds, Smith, and Hills

Slick Industrial Company
Southern California Edison Company

Stone & Webster

United International Research,
Incorporated
U.S. Bureau of Mines-Morgantown

U.S. Stoneware Company
Universal Oil Products

Wellman-Lord, Incorporated

Tampa Electric Company

(Bechtel Corporation)

(Baltimore Gas and Electric
Company)

(Potomac Electric Power Company)

(Delmarva Power and Light Company)

(Potomac Edison Company)

Western Precipitation Group (Joy
Manufacturing Company)

Westinghouse R&D Center

Westvaco
The Wheelabrator Company
Wisconsin Electric Power

Type of Work

Improved dry sorbent for 502 removal

Undisclosed process for power plant
502 removal

Catalytic oxidation of S02 with re-
covery of sulfuric acid

Development of Monsanto catalytic
oxidation process

Dry sorbent for S02

Industry-wide R&D for sulfur oxides
control

Control of gaseous emissions from
coal-fired fluidized-bed boilers

Gas-phase removal of 502 with solid
alkaline materials, and collection
with fabric filters (cooperative
work with Southern California
Edison)

Sulfur oxides control from sulfite
and kraft pulping processes

Scrubbing equipment development

Dry sorbents for 502 removal

Scrubbing process for flue gas 502
removal

Dry 502 sorbent development

Gas-phase removal of 502 with solid
alkaline materials, .and collectdon
with fabric fil ters

Regenerable aqueous scrubbing system
for 502 removal and recovery (S&W-
lonics process)

Regenerable scrubbing process removal;
S02 converted to H2S04

Study of corrosion/erosion and of
coal type during fluidized bed
combustion

Process for S02 control from sulfuric
acid plants

Dolomite slurry scrubbing; catalytic
hydrogenation of fuels

R&D of regenerable wet scrubbing pro-
cess at Lakeland, Florida. and
Tampa Electric plus direct reduc-
tion of 502 to sulfur

Pilot study of Wellman-Lord process,
contributed to Stone & Webster

Demonstration pl ant of Wellman-Lord
process at Bal timore Gas and Elec-
tric power station

Demonstration plant of. Wellman-Lord
process at BG&E power station in
Baltimore

Scrubbing equipment development

Evaluation of the fluidized bed
combustion process

Adsorption of S02 by activated carbon

Scrubbing equipment development

Lime scrubbing, other aqueous scrub-
bing systems
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Company

TABLE M-4

FOREIGN S02 POLLUTION CONTROL RESEARCH AND DEVELOPMENT*

Type of Work

Company

Australia

Commonwealth Science Industrial
Research Organization

Czechoslovakia

Research Institute of Inorganic
Chemistry
Czech Acid Plant Scrubbing

Fuel Research Institute
| nstitute of Mines

England

Esso Research Center

National Coal Board
Coal Research Establishment
BCURA Industrial Labs

LHF Patented Process

Esso Research

Bankside and Battersea Process

Erance

Societe Nationale Des Petroles
D'Aquatane (joint project with
Halder Topsoe of Denmark)
Ugine Kuhimann-Weirtam Process
Societe Anonyme Activit

Neyric

Germany

Bayer Double Contact Process
Bischoff Process

Lurgi Sulfacid Process
Activated Carbon Adsorption
Bergbau-Forschung

Activated Char Sorption

Bergbau-Forschung
Grillo process

* Compiled by NAPCA, March 1970.

Fluidized bed combustion

Ammonia scrubbing of S02 effluent

Ammonia scrubbing on H,S0, plant
tail gas

Fluidized bed combustion

Desulfurization of coal

Fluidized bed combustion of oil
Fluidized bed combustion of coal

Desulfurization of coal

Alkaline water scrubbing on
Thames River

Catalytic oxidation of flue gas

Ammonia scrubbing of flue gas
Fluidized bed combustion
Desulfurization of coal

Two-stage catalytic oxidation of
HyS0, tail gas

Lime/Limestone scrubbing of flue
gas

Wet char sorption of S02 from
effluent

Wet char sorption of S02 from
effluent

Dry char sorption of S02 from
gaseous effluent

Sorption by proprietary mixture
of metal oxides

Holland
Shell CuO process

NVCP (Nederlandsch Verkoopkantoor
voor Chemische Producten N.V.)

ltaly

University of Cagliari

Japan

Kiyoura Ammonium Sulfate Process
Nippon Kokan Ltd.
Japan Engineering and Construction
Co. (JECCO)
Showa-Denko Process
Hitachi Activated Carbon Process
Central Research Institute of
the Electric Power Industry
Resources Research |nstitute

Mitsubishi DAP-Manganese Process
Kanagawa

Poland

Dry Ammonia Injection

Sweden
BAHCO Lime-scrubbing Process
USSR

Wet Limestone scrubbing at
Kusnetsk Abagur Plant

Ammonia and sodium carbonate
scrubbing- V oskresenskij Chemical
Industry

I.M. Gubkin Institute of Petroleum
and Others

Academy of Science

Lensovet Technological |nstitute

Yugoslavia

I nstitute of Mines

Tvpe of Work

Sorption on proprietary mixture of
copper based metal oxides
Hydrodesulfurization of oil

Desulfurization of coal

Catal ytic oxidation of flue gas
Lime/Limestone scrubbing of flue gas
Lime/Limestone scrubbing of flue gas

Ammonia scrubbing

Wet char sorption of S02 from effluent

Dry limestone injection for S02 con-
trol of flue gas

Dry limestone injection for S02 con-
trol of flue gas

Manganese oxide sorption

Aqueous scrubbing

Injection of gaseous ammonia into
flue gas

Lime/Limestone scrubbing of flue gas

Lime/Limestone scrubbing

Ammonia scrubbing

Fluidized bed combustion

Desulfurization of coal
Desulfurization of oil

Desulfurization of coal



TABLE M-5

MAJOR S02 CONTROL INSTALLATIONS IN PROGRESS

Privately Financed M anufacturers/Engineers

Commonwealth Edison Company

Will County Station--176 MW Babcock & Wilcox/Bechtel Corp.

State Line Station--Pilot Capacity Universal Oil Products Co.
Detroit Edison Company

St. Clair Station--180 MW Mfg. Open/Bechtel Corp.

River Rouge Station--280 MW Chemical Construction Co.
Kansas Power and Light Company

Lawrence Station--125 MW Combustion Engineering, Inc.

Lawrence Station--425 MW Combustion Engineering, Inc.

Union Electric Company
Meramec Station--125 MW Combustion Engineering, Inc.

Pacific Power and Light Company
Dave Johnson Station--360 MW Venturi Scrubber/Ebasco SerVices,
Incorporated

Assistance From EPA

Tennessee Valley Authority

Shawnee Station--50MW Alkali Test System/Bechtel Corp.

Widows Creek Station--500 MW Wet Limestone System/TVA
Boston Edison Company

Mystic Station--150 MW Chemical Construction Co.
IHlinois Power Company

Wood River No. 4--100 MW Monsanto Company

City of Key West, Florida

Key West Station--40 MW Fly Ash Arrestor Corp. Scrubber

System

Financing Not Settled

Nevada Power Company
Reid Gardner Station (2 units)--125 MW Open/Bechtel Corp.

In reference to cleaning stack gases, it is quite difficult at
this time to arrive at cost figures for new stations and even more
so for existing stations (retrofit). This is the result not only
of the wide variety of systems which are proposed and the claims
made by various organizations, but also, principally, the lack of
actual construction and operating results. It is, however, very
apparent that a great difference will exist between the costs of
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cleanup systems incorporated in large new stations and the costs
of retrofitting smaller existing stations.

It is also obvious that the unit cost per million BTU's burned
will differ greatly from plant to plant depending on the type of
system, the plant size and the plant operating factor. Some feel
for the dimension of these costs is given by the following tabula-
tion of capital carrying charges only, exclusive of operating labor
and materials, in cents per million BTU's of fuel burned, based on
| S-percent capital carrying costs and a heat rate of 9,500 BTU's/
per KWH.

Operating Factor Added Investment for Cleanup System
O/KW $200KW $3O0/KW

5% 2.4 4.8 7.2

50% 3.6 7.2 10.8

25 % 7.2 14.4 21.6

To these capital carrying charges must be added 3 to 6 cents per
million BTU's of fuel burned to defray the direct operating costs
for labor and materials, which also will vary over a wide range for
different systems and conditions.

At least 1.5 times stoichiometric amounts of limestone would
be required for treatment, and at a delivered price of $ per ton
of stone, the cost of this item alone, for a 4-percent sulfur coal
burnet, would be about 3 cents per million BTU's. This cost var-
ies with the sulfur contents in the coal, but the capital charges
anollfmost other direct operating costs are less subject to the coal
sulfur.

It is, therefore, not possible to quote any specific costs,
but for larger, high-load stations, an add-on (retrofit) cleanup
system will probably fall in a range between 8 cents and 16 cents
per million BTU's of fuel burned. A figure of 20 cents per million
BTU's will quite easily be exceeded for older peaking plants and
will depend greatly on the complications of installation and the
E)_efri())d*for amortizing the cost (i.e., remaining length of plant
ife) .

The cost of stack cleanup would, however, be substantially
lower for large new stations, particularly the investment. Some
e